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A B S T R A C T
This study w as coped withthebeha viors of drug mole c ulesin s olid
dispersion system s u slng W ater S Oluble a nd po ro u s carrie r s･ Various
te chniqu es su ch as melting m ethod, s olv e nt m ethod a nd heat tre atm ent
m ethod w e r e used in the preparation of solid disper sions･
P hysicoche mic alpr ope rtie sofsolid dispersion s w e re cbaracteTized uslng
differential s c a n ni g c alorim etry (D SC), po wder X - r ay diffra ction
(PX R D)and infr ared(IR)spe ctr o s c opy･ Dis s olution study ofthe s olid
disper sio n obtained w aspe rfo r medas w ell･
Using urea, m amitolandpolyethyle n eglyc ol(PE G)6000a s wate r
soluble c a rrier s, the s olid dispersio ns ofpo orly w ater s oluble drugs w e r e
s血died in o rde r to impro v e their diss olutio n pr ope ftie s･ Solid
dispersio ns ofonoxa cin(O F X)u singu r e a a nd m a n nitola s a c a rrie r w?r e
pr epa r edby s olvent m ethod u singthe 1:1 mixtu r e ofetha n ol/chlo r ofo r m
a s a s olv ent. T he solubility of O F X in w ate r w as impr o v ed with
inc r e a sed co nc e ntr atio n of ure a whereas m ahnitol didnot exhibit the
solubilizatio neffe ct. T he PX RD m easurem ents r e v e aledthatOFX existed
in lo w crystalline state in the s olid dispersio n s with both
'
u r e a and
mannitoland w a sin a morpho u s state when the drugto ure a r atio waslo w
as1:19･ T he D S Cstudysho w edthatOFX in the s olid dispersion s m elted
inthe su r o unding of m elted ure a or man nitol atlo w er temperature than
the m elting point of inta ct O F X･ The I Rstudy didn ot sugge st a ny
pbysic o cbemical inte r a ction betw e en OFX and c a r riers u s ed･ T he
dissol 血o n studyin w ate rdem o nstr atedthat the dissolutio nrate of O F X
wa s m a rkedly e nhanc ed in the s olid dispersio n s with urea and mannitol･
The higherdis solutio nbehavio rof O F X in
'
the solid･ isper sio n s with ure a
1
w as attdbutable to the highe r s olubility of O F X in the pre s enc e of ure a,
the impr o ved wetting c a u s ed by higher w ater s oluble ure a and the
de cre ased crystallin ty of O F X in the solid disper sio n s･ T he s olid
disper sio ns with m a n nitol c o uld improve O F Xdis solutio n but in the
lo w er extent tha ndidthe O F X- u r ea s olid disper sion ･ The impr ov ed
dis solution of-O F X in the s olid disper sio n s with m an nitol might be
r estlted fro m the low e r c rystallinty of O F Xas w ellas the highe r
w 巳ttability c a used by m a nitol･ Thes eresults sl唱geStedthatⅦr e aw a sthe
m ostpotentialc a r rierforimprovi ng O F Xdis solutio n･ In ad diton, s olid
dispeT Sio n s of u r sodeo xycholic a cid(UDCA) using ure a, m annitol a nd
P E G 6000asa c arrier w erepr epa r ed by m elting m ethod･ The s olubility
study of U DC A in w ate r
- etba n ol(1:1) mixed s olv e ntdem o nstr atedthat
u r e a a nd P E G 6000c o uldslightly I mpr o v ed U D C As olubility wher e a s
m an nitoldidnot affe ctits s olubility. T he P X RD inv e stlgation sho wed
that UDC Acould be dispersed in a m o rpho u s statein the s olid disper sions･
T he D S Cr e s ultsindic atedthatU DC Aw a s able to diss olv ein the m elt of
c ar riers used. Fr o mI Rspe ctra, n o physitochemic al inter action s in
U D C Asolid dispersio n s with m an nitola nd ure a where a shydroge nbo nd
form ation betw e en U D C Aa nd P E G 6000might oc c ur･ T he
Jdissolution
study of U D C As olid disper sio n sin 1:1 etha noトw ater mi幻ure w as
perfo rm ed･ T he solid dispersio n sde m o n strated a s lgnific ant incr e ase in
the dissolutio nr ate
.
of U D C A depe ndingo nthe type ofcar rier m ole c ules･
Ithasbe en s ugge stedthat the higherdis s olutio n rate of U D C Afr o mthe
solid dispersion w as a r esult of drug m ole c山ar disper sion form atio n･
T he gre atestdis s olution r畠te of U D C A from U D C A
- ur e as olid disper sio n
mightbedu eto theimprov em entofw etti nga nd highs olubility of U D C A
in the mixed s olvent of w ater and ethanol c ontain lng u r占a. T he r esult
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obtain ed r ev ealed thatthe s olid dispersion u s i ng W ate r SOluble c a rier s
co uld-affect the m ole cular state of po orly w ater soluble dr ugs a nd
s ubseque ntlyimprovedtheirdiss olutio n cha r a cte ristic s.
Fu rthe rstudies o n mole c ular beha vio rof drugl nS Olid dispe r sions
usi ng porou s
l
additiv e as a c a r rier w ere perform ed･ Contr olled pore
glasses(CP G)with w elトde血 edpor esize v e r e used a s am odel ca rie r.
In additio n, po ro u s c rystalline c ellulo se(PC C) vhicb w as applic able fb∫
phar ma ce uticals w as als o used･ T he state of drug m ole c ulesin the po r o u s
additv e w a sin ve stigated in the mixtu r eof m ethyl p-hydro xybe n z o ate
(M P HI∋) with C P G･ T he r esult obtain ed r e v e aled thatbeat tr e atm e nt
c au s ed a n ads orptlOn Of M PH B m ole c ulesinto the por e of C P G. T he
dr ug m ole c ule stendtope n etr at･
eintothepo res of C P Gwith s m aller po r e
dia m eter rathe rtha nthos e ofla rge rpo r ediam ete r･ The ads o rptl O nOf
dm g m ole cules into the por e of CPG might o c c u rdu rl ng grinding
●
Pr o c ess aS W e11･ P hysic o chemic alpropertie s of dr ug l n S Olid dispersio n
with C P Gw asfurthe rstudied･ Solid dispe rsio ns of U D C AuslngC P Gas
a c arrie r w er eprepa r ed by solve nt m ethod. It w a sfound that a n
a m o rphotlSUDC Ac o uld be fo r m ed by s olid dispe rsio n withC P G. T he
D S Cstudy sho w edthat UD C A in s olid dispersion with C P Ge xisted in
tw o state s, a m o rphou s a nd crystalline form s･ The a mo u nt ofc rystalline
fr a
r
ction in the s olid dispe rsions depended on the pore siz e, por e volum e
a nd spe cifi c S u rfa c e area of C P G･ It wasfu rthe rindic atedthat U D C A
m olec ule spr efer entiallyinte r acted withpores ofsm aller siz e･ Fin ally, a n
attempt to impr ove dissolution ofpractic al w ater s oluble dr ugby s olid
dispe rsion with po r o u s additv e s w asdo n e. Napr o x en (N P X) sわlid
dispersions w地 C P Ga nd PC Cw e repr epared bybe at tre atm e nt. T he
physI COChe micalcha nges and dissolutio n
'
beha vior of NPX in the solid
3
dispersion sha ve be e nin v e stlgated･ He at tr e atm ent ofaphysic al mixtu r e
of N P Xwith C P G 12 0or PC Cprovide the solid disper sio nin wbicbthe
N P Xm ole c ules existed in am orpho u s state and physic ally ads orbed o nto
the por e su rfa c e ofthe additv e s. T hese c o uld be c o ntributed to the
impro ve m ent of N P X dis s olution･ In c onclu sio n, s oliddispersio n s
<
with
po r ou sadditv e s c o ulde nha n c ethe dis s olution ofpra ctic ally w ater sohble
dr ugdu eto the m ole c ula rdisper sio n ofdrug on thepore surfa c e･
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INT R O I)tlC TIO N
Wben po orly w ater s oluble drugs are administe r ed in s olid dosage
fo r m s,thedis solutio nha sbe en c on sideredtobethe rate -limitingstepin the
gastrointestinal abs o rption pr o c ess(1-3). Enha n c em ent of dissol 血o n
propertie s generally impr o v es the r ate and exte nt of gastrointestin al
absorption and the bio a v albility of su ch dr ugs (4-6). The rate of
dis s olution ofthes edr ugs depends upo nthe effe ctive s u rfa c e area a nd the
ene rgystate withinthe drug c rystals(7-8)･ Co n co mita ntly, the am orpho u s
form ofthe dr ug ca n exhibit a m u ch higher diss olutio n r ate a nd bette r
bioavailabilitytha n the crystalline fo r m. Va rio u ste chniqu e sha v ebe en
used to redu c ethe crystallin ty o rto obtain the am orpho us fo rm ofthe
c rystallinedr ugsu ch a s c o n v entio n altritufatio n a ndgrinding(9-1 2), fluid
energy micr onizatio n, c o ntr olled pre c lpitation by cha nge of s olv e nt o r
te mpe r atu r e, applicatio n ofultras onic w a v e s(13-14), frse z edrying(15-16).
and spray drying(17-19)I Ega w a et all (20) r epo rted that am o rpho u s
c efal㍑in pr epa r ed by pulve rizatio n a nd lyopbiliz atio n sho w ed different
dissolutio n beha viours･ Ac c占rding to Yam agu chiet all (21) the
a m o rpho u s16- m embered m ac r olide c ompo und prepared by diffe r ent
co ndito ns ofspraydrylng Sho w ed di 批rents ohbility a nd stability･ Ma ny
w o rks ha ve be en done fo rthe effect ofgrinding on crystallin ty(2 2-24)
butit w a sfo u ndthatthe stability ofthe gr o u nd drugs w as de c r e a s ed(25-
2 8).
Altho ugh su ch te chniqu e s c a nbe e asily
･
a c?omplished, the r esultant
fin e particles m ay n ot pr odu c e the expe cted faster dissolution and
abso rptio n･ T his prim arily r esults fr o m the pos sible aggregatio n a nd
agglom eratio n ofthe fin eparticles du eto their incre ased s urface ene rgy
a ndthe s ubsequ ent stronger v a nder W aals
7
attr actio n betw e en nonpola r
5
m ole c ules･ T his wasdem on str ated by Lin et al.(29), who sho w edthat the
in vitr odissolution rates of mic r o niz edgrlSe Ofu 1vin andghtethi mi de w e r e
slow
･
erthan that oftheir coa r s e rpa rticles･ Anotherinher e ntdis adv antage
ofthese purefine po wde r s ofpo orlysolubledrugsistheirpo o rw ettability
in w ater･ T he w etting ofpowde ris the firststepfo rthem to dis s olv ea nd
somtim esdispers ein fh ids(30).
Solid dispersion w a sfir stdescribed a s adispe rsio n of on e o r m o r e
a ctiveingredientsin a nine rt w ate r s oluble ca r rier or m atrix(3 1). It w as
fir st de m o n str ated by Sekigu chia nd Obi(32)A T his phar m ace utic al
te c血iqu e a nd prl nCiples hav eplayed an importa nt role in in cre as l ng
diss olutio n, abs orptio n, a ndther ape utic efficacy ofpo o rly s oluble drugs in
do s age fo rm s･ Upo n expo s u r eto aquqou s fluidthe c a r rie r dis s olv e s
r apidly andthe fin ely-dispers ed active dr ug was expe cted to r ele a s e with
rapid diss olutio n･ In addito n to the redll Ctio n ofthe crystallite size of
dr ug,the follo w i ngfa ctors m ay c ontribute to the faste rdiss olution ratein
s olid dispersion system: anincre ase in dr ug s olubility(33-36), which m ay
o c c urifthe m ajority of its s olid c rystallites ar e e xtr e m ely s m all(37); a
po s sible s olubiliz atio n effe ctbythe c a r rie r, the absen ce of aggregatio n a nd
agglo m e ration betw e e n丘ne crystallites of the pure bydropbobic drug
be c a u s etheindividu allydispers edparticles are s urro tlndedin the m atrix by
c arrie rpa rticle s a ndpreve nt the regeneratio n ofthe c rystallinity of drugs
(38);the exc ellent w ettability and dispersiblity ofa drugin s olid disper sion
system (3 9)･ T hisis du eto the fa ct that e a ch si吋e crystallite ofthe dr ug
is v e ry intim ately en circled by the s oluble c a rrier which can r e adily
dissolve a nd c a u s ethe w aterto co nta cta nd wet the drug partick;fin ally,if
the dr ug solidifie sin an a morpho us o r a m etastable form fr om the fused
solution(40), this m eta stable fo rm has a higher s olubility which, in tu rn,
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leadsto afa ster dissolutio nrate･ Co n s equ ently, duringthe pa st 40ye ars,
there has bee n agr e at de al of interest in us i ng S Olid dispersion s with
vario u sine rtstlbstanc e sto improve the s olubility, dis solutio nrate andthe
bio availabilityofpoo rly w ater s oluble drugs･
Re c ently,the use ofpor o u s m aterialsinste ad of ine rt sbbsta n c es a s a
c arrierin soliddispersio n s w a s r eported･ This ne wfieldofphar mac e utic al
system a sthe drugisdistributed onthe s u rfa c e ofa nins oluble ca rrie r m ay
be denoted a sメs urfa c esolid dispersio nモ. It hasbe en pr o v ed that this
system c an als o enhance the dis s olutio n r ate ofthe dr ug(41-44) a nd the
implication ofthis pheno m e n ais dis c u s s edlaterin this a rticle. The phas e
equilibria betw e en dr ug and c a rierin s oliddispersio n m ay be examin ed
u sing therm al a n alysis(45-48)su ch as differ?ntial s c a n ning c alo rim etry
(49153), s ohtio n c alo rim etry(53-54)a nd hotstage mic ros c opy(55-57), X-
r ay di 放a ction (58-61), infr ar ed spe ctr o s c op y (62-65), diele ctric
spe ctro sc opy(66), and dissolution rate占ata(67-70).
Ac c ordingto the type ofcarriersused, the s olid dispe r sio n sin this
study willbe classi丘ed into tw o c atego rie s a sfollo w ed.
1. Solidispersio n us i ng W ater S Ouble substanc e a s c arrie r･
2. Solid disper sio nusl ng poro u sm aterialas c arrie r
Solid disper sio n su sing w ate r soluble s ubsta n c e a sca r rie r
The histo ric al backgr o u nd, a nd phar m ac e utic al applic atio n softhe
solid dispersio n s u slng W ater S Oluble s ubstanc e s as c a r rie r s w e r e
thoroughly revie w edby C hio ua nd Riegelm an(31)･ Many kinds of, w ate r
solubleinertsubsta nc e shav ebe en usedasca rrier sinpreparingthis kind of
s olid dispersion in o rde rto enha n c edr ug dissolution･ Examples in clude
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u r e a(71), citric acida nd its s alts s u ch as s odiu m citr ate and pipe r azin e
citr ate(72), m odified sta rch su ch as dextrin(73)a nd cyclode幻rins (74-
75), m annitol(76-7 7), c elulosederiv ative s s u ch as bydr oxypr op ylc ellulo s e
(78) and hydroxypropylm ethylc ellulose (79), a nd v ario u s wate r soh ble
polym e r s(80)su ch aspolyvinylpyrrolidon e(81)a nd P E G(82). T he P E G
with m ole c ular w eight v alu es r a ngl ng fr o m 1000to 8000are the m ost
c om m o nly u s ed(83)･ Ho w e v e r,itis w ell kno w nthatva rio u sprepa r ations
ofs olid dispersion c an be u s ed to e nha n c e(8 4-8 6) o rretard(87-90)也e
diss olutio n rate ofthe drug, depending o nthe pbysic o cbe mic alpr ope rtie s
ofc arrie r u s ed(91)･ The w ater sol血ble c arrier su s u allygiv e e血 anc e m e nt
of diss olutio n whe r e a sthe w aterin soluble carrie rs provide reta rdation of
diss olution･ Subs equ e ntpublic atio ns have dev elopedthe rese arch are a of
s olid dispe r sio n to develop both fast a nd s u stain ed r ele a s eprodtl CtS.
Re c ently, the sta仙s ofsoliddispe r sio n sha sbe e nfu rthe rin v e stlgated a nd
r e vie w ed(83)partic ularlyto their methods ofpr epa r atioふ andthe n e edto
optimiz ethe drug: c a r rie r r atio to m aximize dis solution and abs o rption
r ates a nd minimize their pote ntialpr oble m s･ M o r e o v e r, 1n the pastfe w
ye a r s, s e v e r al a utho r sha v e r epo rted the lユS e Of s urfa cta nt with in ert
s ubsta nc e a s a mixed c arrier to obtain the c o mplete dis s olution ofa poorly
w ater s ohbledrugs(92-96)･
T he physico {hemic al str u ctur e of the solid dispersio n sin this
category m ay be T epre S巳nted by o n eor m o r e ofthe follow l ng gr oups;
simple e ute ctic mixtures, m o n ote ctic mixtures, ?olid s ollltion s, glass
solution s or glas suspe n sion s, a m o rpho us pre cipitatio n sof a drug in a
c rystalline car rier a ndco mplexform ations.
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Sim ple e ute ctic mixttlr e S
Soliddispe rsio n s vbicb display simple e ute ctic mixtures ar e usu ally
pr epa r ed fr o m the rapid s olidific atio n of the fu s ed liquid of tw o
c o mpone nts which sho w c omplete liquidmiscibility a nd negligible solid-
s olids olubility･ T hefin e crystallin efo rmation ofe ute.ctic mixttlreis bas ed
on the assu mptlOnthatboth co mpo n e nts m aysim ulta n e o u sly c rystalize out
in v e ry s mallparticle siz e s･ T he e x a mples
･
ofe utectic s a r edispersions of
nifedipin9- aten Olol(97)and flurbiprofe n- PEGs(98)a ndibuprofe n-te rpe n e
co mpou nds(99).
M o n ote ctic mixttl r e S
Ex aminatio n oftheliter atu re r ev e alsthat the r eis afu rthe rs olidstate
category whichc o uldbe c onside redtobe a separated clas s of dispersion, a
m o n ote ctic syste m･ The m onote ctic mixtures a r ethe bina ry mixtu res
whe reby the m elts are mis cible but thereis n egligible inte r actio nin the
s olidstate(100)I T hepha se diagra m ofa mo n ote ctic syste m hasthe fbm
ofa e ute ctic diagra min which one ar mis missl ng a ndin whichthelow er
m elting co mpon ent repla cesthe e ute ctic c ompo sition･ T his m ay als obe
c o n side r ed in term s of bo ndene rgleS, U , wherebythe e n ergybetw e enthe
dr ug andpolymerin theliquid state (UD P)is effe ctiv elythe s ame a sthat
betw e e ndr ug m ole c ules(UfD)･ If UD P>UD D, then a eute ctic syste m
.
will
befor m ed, whileif Urx )> UD P, the na regl O n Of liquid-liquid im mis cibility
will be s e e n･ T he pha sediagr a m s obtain ed fr o m a mo n ote ctic mixtu r e
shows n o e vide n c e ofe ute ctic m eltingpolnt･ T he m elting pointofa c a rrie r
us u allyre m ains c o nstant while m or esiz e ablecha ngeis s eldom se en fo rthe
drug, espe cially atlo wdrugle v els(53)A Itis unlikelythat Ur n and UD P
win betrulyide ntical,henc e strickly spe aking a m o n ote ctic willseldo mbe
present,in the sam e w aythat a pu re e ute ctic with n o s olids olubility m ay
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not occ ur. Ho w e v e r, the distin ctio n betw ee n m o n ote ctic a nd e ute ctic
syste msis u s eful be c a u s eit allo w sde s c r lPt1 0n Of disper sio ns whereby the
exte nsiv e pa rticle size redu ctio n imf)1icit in e ute ctic fo rm atio n is n ot⊥
pre s ent･ Instead, the te rm m o note ctic 血plies that the drug rem ain s
esse ntiallyintactor r e c rystallizesba ck into disc r ete pa rticles afte r m elting,
a s opposed to e ute ctics whereby a micr ofine dispe r sion of the tw o
c ompone ntsisfo rm ed･ Se v erala ntbo rs(101-104)have a s c ribed a diagra m
to the prese n c e of m onote ctic syste m s･ An exa mple of m on ote ctic phas e
diagr a ms w as fou nd afte rhe atl ngthephysical mijh r e softolbuta mide a nd
grlS e Ofulvinin P E G 20000a ndpolyoxyethylene40ste a r ateto afe w degr e e
abo v ethe m elting points of the dm gs (105). T he dr ug particles m ay
the r efo r ehave re m ain ed inta ct thro ugbo nt the fu sion pr o c e s s. An othe r
ex a mples of m o n ote ctics include beta mtthas one alc ohol-P E G 6000(106),
trim etroprim -PE G 400 0(1 7), and nortriptyline ⅢCl - P E Gs (10 8)
syste ms･ T he drug particle size with the m o n ote ctic dispersio n m ay be
gr e ate rtha n w o uldbe expe cted, w erethe system e ute cticin n atu r e･
Solids olutio ns
A s olid s olution is m ade up of a s olid s olute dis s olv edin asolid
solv ent. Itis ofte n c alled a mixed crystal be cause the tw o co mpo n e nts
crystallize togethe rin aho m ogeneous one phase syste m . T he oretically, a
s olids olution ofapoo rly s oluble drugln a rapidly s oluble c a rrier a chie v es
a fa ste r dis solutio n r ate than a e ute ctic mixture be cause the drug is
m on o mole c ula rly dispers edin the solid s olution･ AHow e v er, it mu st be
e mphasizedthat the advantage of a s olidsolutio n may notbe so slgnific ant
ifthe solids olution is expo sed to a m ediu m with a volu m e m也ch less
c apable to dissolv e allthe drug. Under these c onditon s, a drug m ay
pre cipitate. M o reove r, du eto the m axim u m pa rticle
- siz eredu ction in the
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solids olution andto the po ssible s olubliz atio n effe ct of the c a rrie rin the
microe n viron mental diffu sio n layer of bulk fluids, the drug m ay
tempo rarily r e sultin a high supersatu r atio n ofthe bulk fluid･ O bvio u sly,
thisistemporary a nd w o uld le adto pre cipitatio nifthe dr ug l Sn ot being
absorbed or r em ovedby otherpr o c e s s es･ Example ofs olid s olutio nis the
dispersion ofgriseofu 1vinin P E G/S DSsyste m(10 9)I
Two m ethods a r e u s ed to cla s sifys olids olution s. On the basis of
their solidmis cibiltythey m aybe cla s s ed a s c o ntin t1 0 uS O rdis c o ntinu o us.
--Co ntin u o us solids olution s'- requ l r ethat the bo nd str ength betw e e nthe
different c o mponents is gr e ater than the bo nd stre ngth betw e en the s am e
spe cie s ofm ole c ule s(110)a ndthat the c ompon ents a r e mis cible thr o ugho ut
the c ompositio n ra nge･ Ma et all(111)ha vefo u ndthats oliddispe rsio n s of
tolbutami de -PEG andtolbutamide- u rea prepa r ed by m elting
-
w e r e mis cible
s olid s olution. 7-Dis c ontinuotlS SOlids olutio n s-- exist at extre m es of
c ompo sition andinter mediate co mpo sitio nthe compo nents areim miscible.
The s e c o nd clas si丘c ation is bas ed o n the m ole c ula r size of the tw o
co mpone nts a nd s olution s a r ete rm ed s ubstitutionala nd inte r stitial s olid
s olutiohs. For ”Substitutio n als olids olutio n s--, the m ole c ula r size ofthe
tw oco mpo n ents sho uldn otdifferby m o r etha n15 %(112), a ndthe s olute
m ole c ule substitutes for the s olve nt m ole c ule in the crystallattic e ofthe
s olidsolvent. In ”Interstitials olid s olutio ns''tbe solute m ole c ule o c c upleS
the interstitialspa c ebetw e en the s olv ent m ole c ule s･ Solid disper sions of
bipbe nyl dim etbyl dic a rboxylate -PEG 6000pr epa r ed by both m elting
method and s olvent m ethod w ere fo und to be the inte rstitial solid
dispersio n s(1 13)･
ll
Glas ssolution sand glass su spe n sio ns
T be glas sy or vitr e o us state is u s u ally obtained by a n abrupt
qu e n ching ofthe m elt･ Itis cha r a cte･riz ed bytr a n sparency andbrittlen e s
below the glass-tr a n sfor m lngtemperatu r e, Tg･ In s olid disper sion syste m,
neither or either or both drug and ca rie r, m ay for m glas s es･
Ad dition ally, 1m miscibility o rpartialo rtotal miscibility m aybefou nd･ A
glass s olutio n is ahom oge n e o u s, glas sy syste m in which a s olid s olute
dis s olve
.
sin a glas sy s olve nt･ Glass su spension s r athertha nglasss olution s
a re for med when the drug and c arrier do n ot show inte r a ctio n a nd a r e
im miscibleintheliquidstate･ Carrie r sfa v o u ringglassfor matio n are citric
a cid(114-1 15) and s ugar su ch a s glu c o s e a nd s Ⅶ c r o s e(116). The
hexabarbito n e-dejEtr O S edispersion pr o vides a n exa mple of im mis cible glas s
(11 7)･ De幻r o s e-para c etam ol w a s an exa mple 面he r ethe glass e s w e r e
partially mis cible･ Ford a nd Rubin stein (118) claim ed that the e ute ctic
c ompositio n ofchlorpr opa mide- u r e adispe r sio n s m ay exist as a glass･ At
c e rtain dr ug: c a r rie r ratios, other c a r rie r s m ay fa v o u rglas s s olutio n s
including PVP(1 19)･ Glas s s uspen sion s rather tha n glas s s olutio n s are
fo r m ed when the drug and c a r rie r do not show
.
inter actio n a nd a r e
im mis cibleintheliquidstate(120).
A m orphous pre cipitatio nsin a c rystalline c a r rier
Pr epar atio n of dispersions m ayle adto the for matio n ofam orpho u s
depo sits ofthe drugin the c rystallin eor a m orphou s c a r rie r. This c atego ry
w as suggestedon theba sis ofstudieso n sul fathiazole- u r e adisper sion(31).
On fusion s c o ntaining 52% w/w sul fathiazole, the X - ray diffr a ction
indic ated that while the u r ea w aspresent in a crystallin e fわr m, the
sulfathia zole show ed n odiffraction pe aks･ T he a utho rs pr opo s edthatthe
sulfatbiaz ole w ･as pre s e nt as an am orpho us pre cipitates within the
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crystalline c a rrier･ T he similar dispe r sion s a r e albendazole in
hydro xypropylm ethylc elh lo s ea nd hydr oxypr opylm ethylc ellulo s ephth alate
(121)･ Sinc ethe am o rphous fo rm is the highe st e n e rgyfo r m of a pu r e
drug, it should, pr o血 c efa ster diss olutio n a nd abs o rptio n r ate sthan the
crystalline for m･ Unfo rtu nately, the a m o rpho u sfo r mis m eta
l
stable a nd
co nverts
.
o n stor age to m o re crystalline fo r ms･ Gu et al･ (113)r epo rted
thatbiphe nyldim ethyldic arboj(ylatein s olid dispersio n ofbiphenyldim ethyl
dic a rboxylate -P V Pw as a n am o rphou spr e clpitate･
Co m plex fo r matio ns
Complex for matio n is arelativ ely co m m on oc curren c efollo wlng
s oliddispersio nprepa r atio n･ Ur e ais capable of for m l ng C Omplexe s with
manydrugs s u ch asthe ophyllin e
■
(122), phe n oba rbito n e(123), and glyc olic
a cid(124)･ An other ca rrier su s edto fo r m c o mplex with c e rtain dr ugs is
cyclode幻rin･ Ex ample s ofco mplex s olid dispe r sio nin cluding. diazepa m
-
†
- cyclodextrin (125), flu rbipr ofe n-β- and y- cyclodextrin s (126),
fem oxetine-β- cyclodextrin(127), pr o stagla ndin F2cL
-Y- CyClodextrin (1 28),
ibupr ofen-β- cyclodextrin (129), a nd the 1:1 a spirin:di- o - m ethyl-β-
cyclodextrin co mplex(130)Itis quite di 比c ult to generalize thein凸u e n c e
ofs u ch c omplexes o ndiss olution･ T ho s e with lo w c rystallinelattic e energy
or fre ely soluble a re suitable for bioa v ailability studies, e･g･ diazepam -
cyclodextrin system sinc ethey poss esshigher dissolutio n r ates tha ntho s e
with alo w solubility, e.g. dia z epam - a mylodextrin o r ahigher
- c rystallin e
lattic e e n ergydo notpo s essrapid dis s olutio n rates(131)･
T heinter actio nbetw e en drugs a nd c ar riersin solid dispersions are
ofte ndifficult to qu a ntifybe c a usedispersio n s maybe co mbinatio ns ofthese
categories, andthus qu a ntificatio nis m ade m o r ediffic ultby the stru ctur e
ofthe dispersio nsbeingo触 n depe ndentonthe m ethods ofprepa ration and
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age ofthe disper sion･
Solid dispersions using porou s m ate rialas c a r rier
Am ong s eve r al appr o a ches for impr ovl ng the dis s olutio n rate by
solid disper sio n with va rio u ssubsta n c e s, the u s e of ads orbe nts as ca rrier s
ha sbe c om e an issu e ofinterest･ Asthe co nc eptofredu ctio n ofparticle size
re m ain s the ac c epted m ethod fo r inc r e asi ng diss olutio n r ates of w ate r
insoluble drugs, a ne wdeliv e rysyste m ofa dr ugdepositio na s m ole ctl arly
micr onizatio n on the s urfa c e ofan in s oluble mic r opa rtic ulate c a r rie r was
pr opo s ed a nd thu sthe syste m w aster med a s
TT
s u rfa c e s olid disper sio n
”
･
Mo nkho use a nd La ch(13 2)u s ed w ate r-in s oluble adso rbe nt, s u ch a sfum ed
silic o ndioxide and silic c a cid, as s up po rtsfo rthe s olv ent depositio n of a
n u mbe r of drugs･ This ap pro a ch w a s a c c o mplished by eqtlilibration ofthe
drugsin an o rga nic s olv e nt s uspended withthe supportins oluble c a r rie rof
a n e幻 e n siv e s u rfa c e･ The r e s ulting m ate rial c o ntain ed the dr ug l n a
f'
m olecula rly micr onized
”
state o nthe stlrfa c e of the c ar rie r. I T he
dis s olutio n r ate ofv arious m edicine sfro m this dr ug deliv e ry syste m w a s
obs erv ed andtheinte ractio nbetw e e ndr ug andc a r rie r w a s als oin v e stlgated
(133)･ The in crea s ed dis s olutio n r ate ofthes e'system s w a sfo und to be
dependent on the w eightratio ofdrug to excIPl e nt, Whe nlo w fr a ctio n of
drug a r e used,the rateis m aximized(134)･
In order to obtain the faster dis solntion, v a rio u s adso rbents ha v e
be en used as c ar riers, e･g., fu m e silicon dio xide(135), po r o us cellulo se
m atric es (13 6), and dicalciu m pbo spbate dibydrate m atrix (137)･
Yam a m ot et all (13 8) obs e rved that whe ngrise ofulvin w a s.gro und with
micr o crystalline c ellulosein avibration al ballmill its dis sohtion rate and
bioa vailability w ere substantially e nhanc ed･ T his grinding proc edu r e w a s
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show nto r e s ultin atotal lo s sofgrlS e Ofulvincrystallin ty･ Nakai et all
(139)repo rtedthat the a morpho u s state s of m edicin als c a nbe obtain edby
grinding the m edicin als with microcrystallin e c ellulo s e･ T he dispe r s ed
state s ofva rio u sm edicinals which v aried in m ole c ularsize, stru cture, a nd
pola rity in the gr o und mi幻 u r e s with microc rystallin e
-
c ellulose or β-
cyclodextrin, which is w ell 血o wn to fo rm in clu sio n c ompou nds with
vario u s orga nic m ole c ules, a s a m odel c o mpo u nd w ere dis c uss ed(1 40).
For allthe drugs examin ed a n onc rystallin e state ofthe drug w a s obtained
whe nthe perc entage of drug lnthe mi加 r e w a slO %orle s s･ The highly
a ctiv edrug state obtained by this grinding pr oc edu r e alw ays r esulted in
very rapid diss olution beha vio u r. T he m e cha nis m of c on ver sio n of
crystalline m edicin als into a m o rpho us state s by grinding with
micr o c rystalline c ellulo s ew a sinv estigated by u 血gI Rspe ctr o s c opy(1 41-
142)I It ha sbe e n r epo rted that s om e crystallin e m edicinals in mixtu r e s
withads o rbents(143-145)o rpo r o us po wders(146-149)gr adu allybe c a m e
am orphousdur l ng Sto r age.
As the system is bas ed o nthe c onc ept of in c r e a s l ng the s u血 c e of
ca rrier a v ailable for contact withthe dis s olutio n m edia, the r efo r e, po r o u s
m ate rials has be c o m ethe m o stinterest a m o ng v a rious adso rbe nts for the
re a s o n oftheirhuge su rfa c e a r e a andporous texture (43,15 0). Konn o et
all (14 4)reportedthats om e c rystallin e m edicin als in mi幻u r e s withpor o u s
m ate rials, s u ch a s a ctivated c arbo n a nd m agn esium alu miniu m silic ate
(M A S), gradu allybec am e a m o rphousduring storaBe･ Theyfo u ndthat the
dissolution rate of fh fena mic a cid(FFA), a no n- steroidal a nti-
innam m ato rydrug withpo o r s olubilityin water, mixtu r ewith M A Sstor ed
at re血c ed pr es su r e w as gr e ater increa sed than in the c ase of 丘esbly
prepared mixture. Takaya m aet al. (15 1)reported that the diss olution
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pr ofile of F F A fr o m asolid disper sion syste m sho w edthe sa m epattern a s
the sto r ed mixture.
Poro u s crystallin e c ellulo s e(P C C)is aspherical cellulos ebe ads with
ahighporosity･ It wassho w nto be pote ntial m ultiple u nit drug ca rier
(152)I In drug fo rm ulation, P C C is n co rporated fo r
■
s e v eralpu rpo s e s,
in cluding r edu ctio n of du stl ng' impr ove m ent of flo w ability, dire ct
c ompression or m odified r ele ase(136)I It w asfo und that the mixing of
ethen?amide(EZ)with P C Cunde rdry c o nditio n sledto the tr a n sfo r m ation
ofcrystallin eE Zto the am orpho u sstate(15 3). T he tortu o sityin P C C has
be en chara cte rized for predictio n ofdrug rele ase(154). Matsu m oto et al.
(155)r eported that the ads o rptio n of EZ on the po r esu rfa c e s of P C C
o c c u r r ed prl n Clpally ln the r a nge of dia m eter s 缶o m 3 to 10 nm . T he
ads o rbed E Zo nthe surfa c e s of P C Cpo r e sw o uld n ot r e c rystalliz e
-
afte r
sto r age belo w R H 52･0% whileit w ouldre c rysta11iz e
､
a s aresult of w ate r
v apo r c o ndens atio n afte r storage abo ve R H7 2.8 %.
Colloidalsilicais w ell kno w nfor theirlarge s u rfa c e a r e a･ Itis v e ry
u s efu l in pha rm a c e utical fields s u ch as a s epa r ating agentin film fo r ming
pr oc ess(15 6)･ Ac c o rdingtoitshighly-polar sila n olgro ups o nthe s urfa c e,
it w as r eportedto fo r m cbe mis o rptio n with o rga nic co mpo unds(157)and
thedrugrele asefrom chemis o rbate sdisper s ed inlipophilic v ehiclesm aybe
c ontr olled bythepolarity ofvehicles(158)･ Kim etall (145)eァalu atedthe
pr operties of a drug disper s ed onto colloidal silic o ndio xide by fusion ･
T heir physI Cal m 汝ture ga v e aD S Cs c a ntypic alofthe drug only, but on
storagethe e nthalpyof fusio nde c r e a s ed indic ative oftra nsfo r matio n ofthe
drugto a nam o rphou sfo rm ･ T he ratio ofthe dr ugto silicon dio xide w as
impo rtant in dete一皿ln l ng the a m o u nt of c rystallinty of the dmg･
A dditio n ally silic a-74, described a s mes oporous a nd havi ng a POre Size of
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15 n m, bebav ed simila rly to silica- 2 44, vbicb ha s apore size of20n m.
The s olid dispe rsio n c ontaining mic r opor o u s silic a-6 3(po r e siz e2 n m) w a s
c rystalline at a1:1 r atio･ Subs equ e ntdis s olutio ndatafb∫ the 1:1 system s
indic atedthat the m e s oporou s silic adispe rsio n sgave gre ate rdiss oltltion
rateincre a s e stha nthe mic ropo rous syste m s.
Another cle ar dis solution improv e m e nt by the u s e of porous
m aterials was obtain edin dr ug-no rite syste m. Floriteis a w ellkn ow n a s
calciu m silic ate which ha sinte r e sti ng Propertie sdu etoits po rou s str u ctu r e,
t
a ndits u s e as a dr ug s up port m aterial for contr olled dr ug r ele ase (1591
160)･ It als ohas exc elle ntliquid holding ability, s oit ba sbe en us ed to
fo r mulatethe oily vita min E into s olid do sage form (161). It wa sfo und
that the dissolutio nbeha vio ur ofa c etamin ophen fro m powde randtablets
w asimpr o v ed whe nthe dr ug w asin gr o u nd mixture with no rite(162). It
w a s r eported that heating a mixture of flo rite a nd ethe nzamide (E Z)
crystalsin a sealed glass a mpule, i･e ･ , s e aled be atl ng tr e atm e nt, indu c ed
a m o rp血iz atio n a ndimproved dis s olutio nrate of E Z(163-164).
It was suggestedthat the s ublim able fe atu r eofE Z du ringheating lS
an importantfa cto rfor adso rptlOn OfE Zm ole cule s o nto the surfa ce of
norite. Be n z oic a cidwhe n mix ed with 丑o rite R w a str a n sfo r m ed to an
a morpho u sio nic state within afe w hou rs aftergr ouhdmixing(149). Ali
etall (165)fo undthat.the
-
am orpho u s state of nufen amic a cid(FFA) w as
obtain edfr o mthe storage a nd gr ouTld mixtu re wi th norite･ Nonpo r o u s
calcium silic ate w a sfo u ndto havelimited ability,toindu cetr ansfor m atio n
ofFF Ato the am orpho us state a sit has s mallsu 血 c e are a and la cks a
poro u s Str u cture. T he sto r ed or gr ound mixtu r es of F FA a nd norite
sho wed m arked e nha n c e mentin the dis s olutio nbeha viour of F F A dueto
the e xiste n c e of F F A intheam orpho u sionicform ･
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Ac cording to the physICOChemical properties, the m o stinte r esting
porous carrie rpa rticle is co ntroued por eglass (C PG). C P G is a w ell
know n porous m aterial for its la rge su rface a r ea and highly po r ous
str u ctu r e･ Ithas nu m er ou s丘ne por es of10to 1000 Ain dia meter(147).
Itis available asa s olids uppo rt fo rcbro matograpby(166-168). It is
utiliz ed in exclusion chr o m atogr aphy a nd a s as up po rtfo r e n zym e s･ As it
ha s mic ropor es of w ell-defin ed distributio n
,
it has be e n u s ed a s a m odel
po ro?s ads orbentin pha r m ac eutical fields(169)･ C P G is u s u aly of Vycor-
typeglass(Li20, Na20, o rK20-B203-SiO3)A Du ringtherm altr eatm e nt,
pha se s epar ation take spla ce in Vycor gla ss･ In the c o ntin u o u silic a
stru ctur e
,
the c ontin u ou s alkalim etal borate pha s eis fo r m ed. T he latte r
c a nbe r e m oved fr om the the r m ally tr e ated Vyc o rglas sby m eans of a
le a ching proc es sI As a co n s eque n c e ofthis proc edure, CPG is obtain ed.
Thepo r ediam ete rin C P G depe nds o nthe co mpositio n oftheinitialgla ss,
the duration a nd temper atur e of the rmal tre atme nt, and the le a ching
proc edur e ofthe Vycorgl?s s･ T hepor ou sn etw orks ofC P Gare c o mpo sed
m ainly of Si O2(170).
Su rfa c e sila n ol gro ups o nC P Gs and po re size distributio nhave
r eceiv ed ke e nintere st becau se of their im･porta nt r ole in inte rface
intera ctio n in chr o m atogr aphy a nd substrate ads orptl O nin c at lysis
PrOCe SS e S･ Itha sbe e n reportedthat c apillary?onden sed w aterin po r o u s
glas se xhibitedc o n siderablefre e zingandstro nghyster esis(171).
In dr ug-C P Gsystem s, an om alo us pr opertie s of the m edicin al
mole c ule s w e re obs er v ed･ Nak aiet al. (147) have repo rted o n the
ads o rptio n of drug m ole c ule s o n the po re s u血 ce of C P Gs, the
impro v e ment of ben zoic a cid dis solutio n, the r etardation ofsublima血 n
(172), a nd the a c c el r ated
-
s olidstate addito n r e action betw e en su c cinic
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a血ydride a nd p- nitro a nilin ein the C P Gmixtur es(173). T he che mic al
stability of a spl rl nin s olid dispe rsio n with C P Gs w as als oinvestlgated
(174)･ T he dr ug crystals mix ed vitb CP G show ed a br oad and s m all
endothe rmic pe ak of m eltingl nD S Cthe rm ogra m sI At a lo w er m l Xlng
●
■
ratio of drugs,the D SC e ndother micpe ak du etothefusi6n dis appe a red and
the po wde r X
- r ay diffra ction patte rns show ed n o c rystallin e diffra ction
pe aks(175)I Fr o mthes er e s ults, the prope rties ofads orbed m edicin alsin
the C P Gpo r e s m aydiffe rfr om tho seofthe cor re spondingbulkstate. Itis
a prl m ary I mporta n c etO Clarify the a no m alous properties of ads o rbed
drugsin C P Gpo r es.
Me仙 ods of Prepa r atio n ofSolid D ispe rsion s
Fu sio n M ethod
Fusio nimplie s subje cting a dr ug a nd carrier to m elt follo wed by
r apidc oolingl n a n atte mpt tO S uperS atu r ate the drugln the ca rrie rin the
solidstate･ Rapidc o oling ofa hots atu r ateds olution yields sm allcrystals,
where as alo w crystallizatio n rate c a npr odu c elargepa rticle s(17 6). Rapid
c o oling of s olid dispe rsions can res ult in in c re ased diss olutio n r ate s
co mpar edto tho s e obtain ed with slow c ooled dispe rsions(177-1 78), and
this effect ha sbe en e xplain ed by the s m aller dr ug pa rticle size (179).
Ex ample s ofs olid dispe rsio n a chieved by this method ar egrlSe Ofulvinin
n on-po r o u sfum edsilic on dioxide(180),indom ethacin -pho sphatidylcholine
(181), etopdside-P EG (182), a nd the s olid dispe rsio n s of nifedipin ein
v ario u s c arrie s, e･g･, nic otinamide, etbylu re a a nd polyethylene glyc ol
(183).
19
Ⅱe attreatm e nt m ethod
Certain dr ugs with high v apor pr ess ure alw ays sho w s ublim atio n
whilehe ating･ When c rystals ofs7.1Ch drugs a r es e aled he ated withpo r ous
adsorbent at c ertain temper atu r ebefor eits melting po int, the dr ug lS
s ublim ed andthe gase o us adso rptio n oc c u rred on the po r e- s u r efa c eofthe
c a r rier and the s olid disper sion wa s obtain ed Ⅶbe n the te mpe rature is
cooled dow n (164)I T his pr o c edu r eis s om etim es c alled s e aled be ating
method.
T he m ain adv antage s of 血sion m ethod a nd se aled be ating m ethod
ar ethe simplicity a nd e con omy･ T he dis adva ntageis that m a nysubsta n c e s,
eitherdr ugs or carrie r s, m ayde c ompo s edu ring fusio npro c es s o rathigh
te mpe ratu r e･
Solv ent m ethod
T he s olv ent m ethodinvolv e sdis s olving the drpg a nd c a r rie rin a
c om mon s olvent to effe ct s olution follo w ed by ev apor atio n to le a v ea n
intim ate blend of drug a nd c a r rie r･ Alternativ ely the additio n ofahother
s olv e nt or solute m ay m utu ally pr e cipitate the dr ug a nd c arrierto fo r m a
c o-pr e c IPltate･ T hus, solid dispe rsio nspreparedby s olv ent m ethod m ay be
ter med a s ”c o e v aporates
--
or
--
c opr e cipitate s
-- depe nded on the te chniqu e s
us ed(184-186)I Spraydryingor 丘e e z edrying a r epro c e s s ewhich ca nbe
adapted fo r this m ethod of pr epa r atio n(187-190)I Gr an et al. (136)
inc o rpo r ated dr ugs of diffe r e nt s olubilitiesinto po r o u s c ellulose m atric es
(P C Ms)bysolventev aporation T he rate ofr ele a s eofthe drugs from the
P C Ms wasfound to de c r e a s ewith de c r e a･s l ng drug s olubility･ The m ain
adv a ntage ofthe s olv ent m ethod isthat ther mal de c ompo sition of drugs and
carier sca nbe pr e v ented be c a use ofthelow te mperature required fo rthe
evapor ation of o rganic s olvents･ Ho w e v er, so me disadva ntage s as sociated
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w 地 this m ethod ar ethe higher co st ofprepar atio n a ndthe d雌 cultyin
complete r em o vl ng SOlv e nt･ Exa mples of s olid dispe rsio n s usl ng Ine rt
substa nce a s ca rier prepa red by s olve nt m ethodinclude the syste m of
c a rb am a z epin e-pho spholipid(191), be nidipine hydr o chlori de- e udraglt
(192), ibuprofe n- eudr agit (193), a nd nifedipin erpolyvinylpyrr olidon e
(194), and nifedipine -pho sphatidylcholin e(195)･ Venkatar em a nd Roger s
(196)r eportedthat the s olubility ofgris e ofulvin wa scha ngeddepending on
the
.
r esidu al s olv e nt･ In additon
,
the possible adv e rse effe ct of the
suppo s edly negligible am o untofthe s olventon the chemic alstability ofthe
drug, the sele ctio n of a co mm o n volatile solv e nt
, and the diffic ulty of
repr oducl ngCrystalfわrm shav ebe en obs e r v ed.
M elting･ s olv ent m ethod
ltispo ssibleto prepar esolid dispersio n sbyfirstdissolvingadr ugln
a s mallam ou nt of suitable liquid s olvent a nd the n in co rpor atl ng the
s olutio ndir ectly I nto the m elt of
･
c a rie rs･ T his m elting- s olvent m ethod,
ther efo r e
, po ss e s se sthe advantages of both the m elting and s olv e nt
m ethods･ Unfortun ately, ltis onlylimitedtodr ugs with alow therapeutic
do s e(4)･ Ex a mple ofs olidispersio npreparedbythis m ethod in clude sthe
system ofpir o xica m-P E G 4000(197).
M e cha no che mic a王. m ethod
T his method is■r elatively n e w appro ach in c omparis o nwith the
abo v ethr e e m e ntio n ed m ethods･ T his m ethodis the s am epn n ciple as
m ethodof m echa nic alalloylng･ Me cha nic alalloyl ngl S us u allyr ega rded as
●
a m ethod of obtaining c ompo sitional m ate rials with. c ontr olled
mic r o str u ctu r e･
■
Itis c arriedo utby pe riodic al fr a cturing a nd re w elding of
tw o o rm o r epo wde rsin ･highe n e rgyball mi lls..This m ethod has redeived
wide u s ein prepa r ation of am orphou s m etallic alloys, ano malo u ssoh d
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s olutio n s a ndinter metallide s withspe cificproperties(198). The method of
m e chanic al a ctiv ation analogous to the mecha nic al alloyl吋 m ethod has
be en u s ed inpr epar atio nof dispe r sions ofo rganic s olid. Sev e ralw o rks o n
m odification of the prope rties of m edicinalpreparation sby m echa nical
activ ation hav e be en r eported (1991200)･ Nakai (201) reported the
m echan ochemicaleffecto npulv eriz atio n ofam o rpho us aspl rln andbenzoic
● ●
acid with c rystallin e cellulos e･ Boldyr e v et al･ (202) applied this
m e cha nic al a ctiv ation to obtain a s olid dispe rsion of sul fathia zole-
polyvl nylpyrr olido n et T hey found that the appar e nt s olubility a nd
diss olutio n r ate ofs ulfathia z ole were gre atlyI n c reas ed afte r m e chanic ally
●
treated withpolyv l nylpyrrolidon e･ Itis sum m e rizedthat the re a re s eve r al
w ays of in cre asl ng the dis s olutio nrate du rlng m echa nic ala ctivation. At
theinitial in sta nc e
,
m e chanic al activ atio n appears to in v olve thre ebasis
w ays: a)fra cturing ofthe dr ug, b)its a甲O rPhiz ation and co nv e rsio nin
m etastable
, m or e r e adilys olubleform , a nd c)physic o- che mic al inte r actio n
of dr ug with c a r rie r, in this c as eis appar e ntly a sわlidstate reactio n
betwee ndr uga ndCar rie rleadingtothefo r m ation ofsoluble co mplex･
T herefo r e
, the cha nge ofphysI CO Chemicalchar a cte ristics of o rganic
dr ugs withc arrie r s, eithe r w ater sわluble s ubsta n c es o rpo r o us m ate rialsin
s olid dispe rsio n syste m, is the s ubje ct of intere st･ T he study lntO the
mic rostr u ctu r eofs olidispe rsio nhas notbeen clearified by others. Su ch
studie s wo uldgi v e an in sight on the effe ctivene s s of the dr ugdiss olutio n
e nha n c em e ntandthu sle adstothe m a)o rthe m e ofthis study･
In thepr e s ent w o rk, s olid dispersions usl ng W ater S Oluble s ubsta n ces
s u cha s m a n nitol, u re a, a ndpolyethyle n eglyc ol have bee nfir stly studied.
Ursodeo xycbolic a cid(U D C A), a n age nt fわr gallsto n etre atm e nt a nd
･
ono x a cin(OFX), a potent antibacterialquin olo n ederiv ative w er e us ed a s
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the m odel drugs o wl ng tO their poorly w ate r s oluble pr operty･ T heir
physicochemicalprope rties s u ch a s crystalline characteristic s a ndtherm al
behavio rha v ebe en ex amin ed･ The diss olutioin1 0f both dr ugs fr o m solid
dispersions were alsoin v estlgated.
Se c ondly, the solid disper sion s uslng po rou s additiv e ha v ebe en
c arried out･ Contr olledpore gla ss(CP G)with w elトde五n edpo re size has
be e n used as a c arrie r･ The effe ct of heat treatm enton m ole c ular state of
drugl nporo u sadditv es ha v ebe eninv estlgated in the physic almixtu r eof
m ethylp-hydr o jEyben zo ate and C P G･ The physic o chemicalpr ope rtie s of
dr ug lnthe solid dispersio n withpor o u s additiv e w ere ofinter e st to gai n
m ore unde r standing ofthe interaction betw e en dr ug andporo u s additv e.
The m ole cular beha vio rof U D CA in s olid disper sio n with CP Gpr epa r ed
by s olv e nt m ethod have bee n ex amin ed･ In additio n, the physICOCbemical
●
prope rties including dissolutio n beha vio r of n aprox en (N P X),
.
a n o n-
ste roidalanti-infla m m ato ry w ate r-in s oluble dr ug' s oliddisper sio n obtained
byhe at tr e atm ent with s om e po r o u s additive sha v ebe en studied. In this
ca se, be sides C P G, por o u s crystallin e c ell山ose (P C C), a pr a ctic al
phar m a c e utic alexc lpl e nt, W a s also u s ed a spo r o us c arrie r s.
A llofthe resea r ch w o rks m e ntio n ed abo ve, the D S C, PX R DandIR
te chniqu e s w er usedto cla rifytheinte r a ction ofdrugs a nd carrier sin the
sdlid dispersions.
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Pa rt ‡ SolidDispe rsio ns Using W ate rSoluble Stlbstan c e as Carrier
1･1 0 flo xa cin s olid dispe r sio n s
M ate rials O no x acin (O F X), m elting point range 27 5- 277oC w as
obtain ed fr om D aiichi Seiyaku Co･Ltd･ , Japa n･ Ur ea and m a n nitol w er e
pu rcha s ed fro m Na calaiTesqu eInc･ , Japan ･ A llothe r chemic als w e r eof
a nalyti c algr ade.
Pr epa r atio n of O F Xs olid dispe r sion s Different r atio s of O FX
and u r e aor m an nitol w e r e a ccurately w eigbed･ The s oliddispe rsion s
w e repr epa red by s olvent m ethod u sl ng the 1:1 mixtu re of etban oト
●
cblorofbr m as a s olve nt･ T he mixtu r ev a se vaporated u nderv a c u m on
a w ate rbath at4 5oC･ A fte r co mplete e v apor ation , the s olid m a s sw as
fu rthe rdried in va cu um desic c ato rfo r12 hou rs･ T he drieds olidm ass
wa spulve riz ed with a m ortar and pestle and then sieved. T he s olid
dispersions of 601200m esh we re u sedin the e xperim e nt.
Po wde r X ･ r ay diffr a cto m etry (P X R D) A Rigaku De nki 2027
d 此 a ctom ete ru si ng a SCintillation c o u nte rwa sused･ T he X -r ay s ourc e
w a sCu- Kα with a N i filte r(3 0k V,5m A)ata s c a nningspesdof 4
o/min.
I)iffer e ntials ca n ning c alo rim etry(DS C) The s a mples w er es e aled
inlthe alu minu m pan ･ Ea ch s ample weight w a sabo ut l･5 mg. The
m e as ure m ents
,
u si ng a Du Po nt 910 diffe re ntial s c･a n nlng C alorim ete r
c o n e cted to aDu Font990 0c o mpute r/the r mala n alyz e r, w e r ecarried
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outunde rnitrogen gasflow of 60ml/min at a heating r ate of10
o
C/min.
Thetempe r ature w as calibr ated withpu r eindiu m , witha melting pol nt Of
156･60
o
C･ An empty pa nw a s usedas a referenc e.
Fourier tr an sfo r m edinfr a r ed (FT･I R) spe ctr os copy I Rspe ctra
w ere obtained by K Br disk m ethod uslng a C O mPute r m ediated F TI R
(Nic olet5 ZD X, U S A)A K Brdisks w erepr epa r ed with a hydr o static pr ess
atapre s s tlre Of 5t/cm2for5 min .
Solubility m e asu r e ment An exc e s am o u nt of OF Xw a splac edinto
a20- mlL-shapedglasstest tube c ontaining va rio u s c o n c entr atio nof each
c arrie rin 10 ml w ater･ T he c ontent ofthe s uspen sion w as equilibr ated by
shakingfo r24 ho □rs at37
o
Cin a the - o statically contr olled w ate rbath.
The s u spe n sion w asthe nfilteredthro ugh a l･2LL m millipo r em e mbr ane
filter a nd the filtr ate w as suitably diluted and analyzed
spe ctrophoto m etric ally ata w avele ngthof 280n m to m easure the am o u nt
of diss olved O F X･ The average of duplicate m e a s u r em ents w a srepo rted･
The solubility of O F Xin w ate r alone at the s am e te mper atu r ew a s also
determinedfollo wlngthe s am e pr oc edu r e as abov e.
D is s olutio n studie s The diss olutio nrate of O F Xw a sdete rmined by
也e m odi丘ed U S Ppaddle m ethod at37
o
C and a rotating speed of100
rpm ･ A 10- m m dia metertablet c ontain lng100mg bf O F Xwbicb was
c ompres sed at2t/c m2 wa spla c ed andfijEed at the c enter ofthebotto m
ofa･beaker co ntain lng1000mlof dist lled water as m ediup ･ T he other
end ofthe tabletexc ept the surfa ce was s e aledto allo w aconstantsu rfac e
contactedtothe m edium througho ut the dissolutio nr u n･ A 5- mlportion
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of the s ohtion was taken o ut pe riodically, and the sa me a mo unt of
distiled w ater atthe sam e te mper atur e w a s r epla c edto ke ep the m e 血 m
am o unt co n sta ntthro ugho ut the test･ T he s ample s olution w as suitably
diluted in the distilled water and the co n c e ntration of O F Xw as
dete r mined spe ctr opbotom etrically at 280n m. T he m ea surem ent w a s
pe rfo rm ed in triplicate･ T he c o n c entratio n of O F X in e a ch sa mple w a s
c alc ulated andplotted v stim e.
1･2 Ur s odeo xycholic a cid solid dispe r sio n s
Materials Urs ode oxycbolic a cidwas obtained fr o m Tokyo Tanabe
Co･Ltd･, Japa n･ Polyethyle n eglycol(PEG)I60 0 w as pu r cha s ed fr om
Wako Pure C hemical Indu stry,Japan･ Ur e a a nd m annitolw e r epu r chas ed
from Na c alai Tesqu eIn c･, Japan･
Preparati･o n of U D CA s olid dispersion s Solid dispersio n s of
UI)C A and ea ch of P E G 6000, u r e a, and m annitol w e r eprepa red at
w eight ratio s of l‥1, 1:4, a nd 1:19(drug: c a r rier). A fter a c a rrie r
m aterial w as c o mpletely m elted in ather m ostated
.
oilbath, U D C Aw as
diss olved andthen s olidified by po urlng O nto aglas spetridisbstoredin a n
ice- w aterbath･ A fte r co oling,the r esulting solidw as the nkeptin vac uo･
Afte rpulv e rlZl ng, the powde r ed s ample w as 丘a ction atedin the particle
▲
●
size r ange of 60-20 m esh bysiev lng･
Po wder X ･ r ay diffr a cto m etry The m easurem ents were done as
de scribedin PartI, 1.1.
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Diffe r e ntials c a n n i ng C alo rim etry T he m e asure m ents w ere done
●
asdescribed in PartI, 1.1.
Fou rier tr a n sfor med infr ared spe ctr o s c opy T he measurem ents
w ere done asdescribed in PartI, 1.1.
Solubility m e as u r e ment An exc es s a m o u nt of U D CA w as pla c ed
into a 20- ml L-shapedglasstest tube c ontaining v ario u s c once ntratio n of
e a chc arrie rin10mlof 1:1 etha n oトw ater mixtu r e. A llofthe te st tube s
w ere closed with stop per and c o v eトS e aled with c ellopha n em e mbr ane to
avoidthelo s ofsolv ent･ T he s u spension w asin c ubated with shakingfo r
24 ho urs at37
o
Cin a wate rbath･ A fte r equilib 血m , the suspen sion
w as quickly filtered thr o ugh a 1.2 um m embr an e filter. The
c o n c e ntr atio n of diss olv ed U D CA w as dete rmin ed by a c olo r r e a ction
m ethod ata wavele ngth of 525 n m(203).
Dis solutio n studies Dis s oltltion studies w ere c o ndu cted using the
paddle m ethod (U SPX XIII, appar atu s No･2)I A powder s ample
c ontaining250mg of U DC Aw a s c o mpre s edu nde r450 kg/c m2 into flat
fac etabletof 10- m m diam eter. T hetablet wasfijEedto the bottom ｡fthe
be aker c ontal nl ng 100ml of 1:1 ethan oトwater mixtu r eat37
｡
C a s a
▲ ●
m edium ･ T he other side ofthe tablet exc eptthe su rface w as se aledto
allo w a c on sta nt s u rfa c e conta cted to the m edium thr ougho ut the
dis s olution expe rim ent･ The paddle r otation spe ed w a s100rpm ･ A 500
Plofthe solution w as take n o utperiodic ally, a nd the s am e am ount of
solvent at the s am e tempe r ature w as replac ed･ T he a m o.u nt of U D C A
dissolved wa s
.
deter mined bya c?1o r r eaction me.
thod(203)･ T he test w as
perfo rm edin triplicate･
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PartII Solid D isper sio ns Using Po r otlS M ate rials a sCar rie r s
ヱ.1 Ther m al behavio r of m ethylp-hydr o xyben z oate in
c o ntr olled po r eglas s s olid disper sio n
Materials Contr olledpore gla ss e s(c p Gs) w ere obtain ed fr o m C P G
Inc･(NJ, U S A)and wer e used after dryingin v a c u um at120
o
C f. r3 h.
The C P Gs w e r ekeptin a de sic c ato r o v er dipho sphoru s pentoxide in
vac u o･ T he mic r om eritic alpr ope rties of C P Gs are sho w nin Table 1.
Thepore size andpor e v olum e obtain edbythe m e r c u rypo r o sim ete r and
spe ci丘c s u rfac e are adete rmin ed by the nitroge n ga s ads o rptlO n method
u s lng aBE Tequatio n were qu otedby
l
the m anufa cturersfor ea ch s a mple･
由ethylp-hydr o xyben zo ate(M PI岱) a nd be n z oic a cidw ere fr om Wako
P□r eC hemical lndustries Co l, Ltd･ ,Japa n a nd w ere ofr e age ntgrade a nd
used a s r e c eiv ed fr om the s upplier･ CP Gs and drug c rystals w ere u s ed
a鮎r sieving(80/120m e sh).
Prepar atio n of mixtur e The mixtures of C P Gand c rystalline
dr ugs w e r eprepared by u s lng a V OteX mixer at va rio us mix lng r atios･
The gr ound sample s of the mixtu r e w er pr epared m anually with a
m orta r a ndpestle.
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Table 1 Me a npore dia mete r, po re volu m e) and Spe cific
surfa ce a r e a ofva rious C PGs*
Me a npore Spe ci五c Pa rticle
diam ete ra) p.re v .lum ea) surfac e a r e aa) sizeb)
(A) (ml/g) (m2/g) (m e shsieve)
CP G IOOO 962 1.04 26.1 80/120
C P G 500
CPG350
CPG 240
5 46 1.02
347 0.92
226 0.85
CP G120 117 0.55
43.1 80/120
68 A 80/120
9 4.0 80/120
1 19.0 80/120
C P G75 70 0.48 2 07.0 80/1 20
a)
b)
qu oted bythe manufa ctu r e rfo r e a chs a mple
nomin al
passing/retaining
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Diffe r e ntialsean n l ng C alorim etry A se aled alu min um pa n w a s
●
u s ed･ Each sample weight w a s abo ut3･O mg･ T he m e asurem e nts w er e
do n eas described in PartI, 1･1･ withabeatingrate of 4
｡
C血in .
Pressure diffe rentials c an ning c alo rim etry A Dupo ntpress u r e
D S Cc ellc o upled with a 9900c ompute〟也er m alanalyze r w a s employed.
The w eight of ea ch sample w a s3･O mg･ 血 ope n al- inu m pan wa s
u sed･ To displa ce the airinside the pr e s s ure D S Cc ell, nitr ogen gas w a s
allo wed to flow thr ough the c ellfor 5 min t T hen nitr oge n gas w as
●
1耶 Cted into the pr e s s ure D S Ccellu ntilthe r equ lred pr e s s u r ew a s
re a ched･ The m e a s ure m ents w e r e c arried o ut u nde r 0.1- 1.1 M Pa
nitr ogen gaspres s ure at abe atingr ate of 4
o
C/min.
Powder X ･ r ay diffr acto m etry T he m e a s ure m e nts w e r edo n e a s
de s c ribed inI'a rtI, 1.1.
Fo urier tr a n sfor m ed infrared spe ctroscopy
were done a sde s c ribedin Pa rtI
, 1.1.
2.2
T he m e a s u r e m ents
P hysICO Che micalpr opertie s of ur s odeoxycholic acid
●
in s oliddisper sion with c o ntr olled po r eglas s
Materials Ursode oxycholic a cid(U D C A)s upplied byTokyo Tanabe
Cot
,Ltd･ (Tokyo, Japa n) wa s of JP XIIIgrade. Ethan ol(Wako Pu r e
Chemic al Col,Ltd･) w as of analytic al reagent grade and was usedよs
rec eived fr o m the supplier･ Co ntrolled pore ･gla sses (C P Gs) w e r e
obtained fr om C P G Inc.(Linc olnもark, N J 0705)a nd were used afte r
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drying unde r vac u u mat 120
o
C fo r3 b･ T he C P Gs w e r ekeptin a
de sic cato r o v er diphosphorus pento xide in vac uo . The microm e ritic al
properties of C P Gs a re show nin Table2.
Pr epar ation of s a mp)e s p hysical mi幻u r es w e r eprepared by
manually m - ng ofthe appr opr l ate a mわunt of U D C Aand C P Guslng a
m ortar andpestle with ade丘nite w eightr atio of U D C Ato C P G(2:1, 1:1,
･
a nd1:2)･ Solid dispersion s w ere pr epared by m e an sofs olv ent m ethod.
To a solution of U D C A in ethan ol, the ap propriate am o unt of C P Gw a s
added･ T he mixtures we r es o nic ated fo r30stobe e n s u r edthe w ettability
andtran sferring Ofthe s olution tho ughout thepo r e･ The s olv e nt w a sthen
rem o v ed under r edu c ed pr e s s ure at50
o
C a nd kept u nde r v a c u um at
r o o mtempe r ature untilused.
Po wde rX･ r ay diffra cto metry T he X - raydiffractio npatter n sof
the s a mples w ere m e asured by u sing a Rigaku M iniflex diffra cto m ete r
(Tokyo,Japan)under thefollo wing c o nditions : voltage 30 k V, c ur rent5
mA, and a sym m etric alre鮎 ction go nio m eter sca n at4
o
/min･ T he X - r ay
source w a sCu -K α with a Ni filter. A scintillatio n c o u nte r w as u s edto
scan o verthe20r ange of 5-40
o
･
Diffe r e ntial s can ning calo rim etry T he m ea s ure m e nts w e r edo ne
asdescribedin Pa rtI, 11 ･ Each sample w eight w as abo ut3･O mg･ T he
operating co nditon sin the openpan system w ere the sa m e asthosein the
clo s edpan･
3 1
Table 2 Specific detai呈s ofv ario u skinds ofthe C P Gus ed*
Meanpo re
diam ete ra) po r e v｡1｡m ea)
(A) (ml/g)
CP G 1000
CPG350
912 0.72
3 47 0.92
CPG120 115 0.49
Spe ci丘c Particle
surfac ear ｡ aa) sizeb)
(m2/g) (m eshsie v e)
19.6 80/120
68.4 80/120
119.5 80/120
CP G75 75 o.47 i40.4 80/120
a)
b)
qu oted bythe man ufa ctnrerfor e a chs ample
n ominal
pas sing/retaining
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V ariable te mpe r ature powder X十r ay diffr a cto m etry The
v ariable temperature P XR D(Philips Ele ctr o nic N V, Netherland) w as
usedto iden坤 the transit血 s that o c c u汀 ed in the D S C. T he sample s
w ere s叫 e ctedto a c ontinuo us c ontr olledtempe r atur epr ogram o ver the
rallge Of50to2 10
o
C wherein the beatingrate of 5
｡
c/min . The v ariable
temper ature P X m patte r n s w ere obtained by exposl ng tO Cu - Kα
radiation(30 kV, 15mA)in a wide angle o ver the 20 ra nge of 5-40
o
.
Durlng the variable tempe r ature P X R Dru n s, the s a mples w ere
maintain edunde ris otherm alc onditon s at the sele ctedte mperatur es･
2･3 Naproxen s olid dispersio n s
Materials･ CP G 120(m ean po r ediam ete r1 28 A, pore distribution
±5･1 %, 200/400m esh)and C PG 1000(m e an 叩 e dia m ete r1010 A, pore
distributio n ±8･5%, 80/120 m e sh)w ere pu r cha s edfr o mC P GInc.(U S A).
Porou s c rystalline c ellulo s e(PC C; m ode pore dia m ete r 40 A, m e an
particle size 9･9 叫m) w a占supplied by Asahi Chemic al Industrial C｡.
(Tokyo, Japa n)I Thes epo r ou s additiv es w ere dried at 120oC in a
va c u tlm fo r3 h before tlSing･ Napr oxen
-
(Syntej(Co.,Irela nd)w as used
after sieving(150-177LLm).
Sa mple pr epa r atio n A physICal mixtu r e w as prepar ed by bottle
tumbling ofnapro xen crystals(lo 瑞)with apor ous additve(90 %). T he
physIC al mixture w as he ated at90
o
C in a v acu um for 3 也 to obtain a
heateds a mple･ Fro m qu antitative deter mination after the he attre atm ent,
alportion s ofnaproxen w ere fo undto re m aininthe s ample･
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Powde rX- r ay diffracto metry T he m easur em e nts w ere do n eas
de scribedin Pa rtII, 2･2･ T he m e asure m e nt c onditio n s w er a 5follo wed;
v oltage30 k V, cu rrent15mA, and s can nlngSpe ed 2.0
o
/min.
Fo u rier tr a n sfo r m ed infr a red spectr o s c opy Infr a r ed spe ctr a
w e r edeter mined bythe K Br m ethod u sing a JA S C OF T/IR-2 30 Fo urier-
transform edinfr ared(FT-I R)spe ctr ophotom ete r.
D iss olutio n studie s Diss olution studies w ere pe rfor m ed a c c o rdingto
theJP XII paddle m ethod･ JP XIII firstnuidbH 1.2) w a s u s ed as the
diss olutio n m ediu m･ A po wdered s a叩1e(n apr o x e n c o ntent20mg)w as
introdu c ed into 500ml of diss olution mediu m ther mo stated at37.0
o
C.
The revolution spe ed ofthe paddle w as adju stedto 100rpm . Atde 血ite
inter v als, 3 ml of solution w a spIPetted o ut l and filter ed thro ugh a
m embra nefilte r(Toyo Ro sbi, Tokyo,Japan, 1. 叫 m). T he c o n c entr ation
ofn叩r O X en W asdete r min edspe ctr ophoto m etric ally at225n m.
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R E SU L T SA N I) DIS CU S SIO N
Pa rtI Solid D ispe rsion L5 Using W ate rSoluble Substa n ce a sCar rier
1･1 0fユo xacin solid disper sio n s
O noxa cin (O FX)is a n e w 4 - quinolo ne de riv ativ e with high
a ctivity again st a wide r a nge of gram -positive a nd gra m - negativ e
ba cte rial Itis 血ow nto exe rtits antibacte riala ctio nby a ntago nis m ofthe
e nzym e DN A gyra se (ba cte rial topois o m e r ase II), a n e nzym e that
intr odu c es negativ e s upe rtwistsinto D N Aa nd s eparatesinte rlo cked D N A
mole c ule s･ 0 flo xa cin antago nize sthese e n zym etic a ctivitie s, inte rfering
with D N Areplic ation, s egr egatio n of ba cterial chr o m os om es,
tra ns criptio n, a nd othe r c ellularpr o c e s s e s and da m aging DN A(204-206).
Unfo rtu n ately, oflo xa cin has sho w npharm ac e utic alpr oblems of w ater
s olubility･ Be c a use of itis spari ngly w ate r s ohble, the dis solution of
onoxa cin fr om its do sage fo r m after or al administratio n which is an
impo rtantfacto r related toits bioa vailability, is us u ally the r ate-1imltl ng
stepinthe abs o rptio npr oce s(1,2 07).
Durlngthepast30yea rs, there ha sbe en agre atdealof inte r estin
uslng S Oliddisper sio n s to impr o v ethe dis s olutio n r ate and the
bioav ailability ofpo o rly w ater s oh ble drugs (208-209). Va riou s w ater
solubleinert m aterials ha v esho w nto impr o v ethe dissolution r ate a nd
bio a vailability ofm a nydrugs (210-2 12).
T be pres e nt w ork has been undertaken to develope a s olid
dispersion ofono x acin usi ng ure a and m a n nitolin o rdertoimprov ef.he
dissolutionbehaviou r.I
35
Crystalline pr operty a nd the r m al behaviou r of O F Xsolid
di5pe r Sio n s
The PX R Dpattern sofOF Xs olid dispersio n a r esho w nin Figu r e
l･ T he physic al mi加 re s of O F Xwith either tlrea O r ma nnitol at1:19
and 1:4dr ugto c a rrie r r atios sho wed both chara cteristicdiffra ction peaks
of O F Xand c ar rie r･ In both O FX - u r e a and O F X一 皿 a nnitol solid
dispersion system s, the inten sity of diffr a ctio npeaks attributed to O F X
gr adu ally de c r e ased with incr eas ed c ar rie r content. In the s olid
disper sio n of OF X- u r ea(1:19), the diffr a ctio n pe aks of O F Xw as n ot
obs er ved where a sthedi 放a ction pe aks ofur e a w a sn oted. T hisindic ated
thatO F X in this solid dispersion system wasin am o rpho u sstate. At1:4
r atio, the diffractio n peaks du e
l
to O F Xw er e bf lo w inte n s lty in
co mparis on with thos e of inta ct O F X. It w as indic ated that the
crystallinty of O F Xw as m a rkedlylow in the s olidisper sion with u r e a.
In the c a s eof solid disper sio n of O F X- m a nnitol system , the O F X
diffr a ction pe aks with low inte n s ity W as Stillobs erved at l･･19 ratio,
indic atingthatO F Xw a snotin a m o rpho u sstate a sthat of1:19 0 F X- urea
solid dispersio n･ For furthe r studies, the solid disper sio n s of1:4 ratio
w er e chosen as ahigherdrug co ntentis m ore s uitableforpra ctic alu s e.
The D S Ctherm ogra m s of O F X, ure a, m a n nitol, and O F Xsolid
dispersion s withthese ca r riers a r e sho wnin Figu r e2･ T he D S C data of
endothe rmic pe aks a nd AHf a re listedin Table 3. The D S Cc urv es of
Pur eOF X, ure a and m a nnitol de m onstratedthe m elting points at277.5,
13 6･9
, a nd168･6
o
C r espe ctiv ely･ T he therm ogram sof O F X- ure as olid
dispersion s sho w ed a melting pe ak of u r e aat 13 8.6
L Oc and a br o ad
endother mic pe ak ar o u nd 20 012 50
o
C･ It w as suggested that a sm all
crystalline portio nof O FX existed in this s olid disper sion m elted atlo w er
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Figu re 1 P X R Dpatte r n s of(a)O F X- u r e a(1:4)solid dispersio n,
(b)O F X- ure a(1:4)physic almixtur e,(c)O F X- u r e a(1:1 9)
s olid dispersion,(d)O F X- ure a(1:19)physic almixture,
(e)pu re ure a,(f)O F X- m annitol(1:4)s olid dispersio n,
(g)O F X- m an nitol(1:4)physic al mixture,(h)O F X- m annitol
(1:19)s olid dispersio n,(i)O FX- m an nitol(1:19)physic al
mixture,O
l
)pu r em a n nitol, and(k)pure O F女.
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Figu r e2 D S Cther m ogr am s of(a)pure O F X,(b)O FX - urea(1:4)
s olid dispe r sion,(c)pure u r e a,(d)O F X- m a nitol(1:4)solid
dispe rsion, and(e)pu r em a nnitol.
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Table 3 Endothermie peaks.a nd AHf of O F Xand OF XI S Olid
dispe rsio n s
Endothermic
Substanc e s peak,
o
C △坪, 〃g
O F X 277.5 126.7
O F X- u r ea(1:4)
O F X- m an nitol(1･･4)
u r e a
m an nitol
138.6 160.8
169.8 214.5
250.6 2 4.0
136.9 2 41.3
168.6 387.1
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temperatu r ethan melting po i nt Of inta ct OF X･ T he m elting endother m
c ouldnotbe clearly obs er ved･ In O FX- m annitol s olid dispersio n, the
thermogram sho wed a m elting pe akof m a nitolat169.8
o
C a nd exhibited
a s mallbroadpeakat250
o
C which w as attributedtothe m elting of O F X.
These D S Cre sults dem on stratedthat the s oliddispersions of both O F X-
urea a nd O F X- m a n nitolsystem s w e r e mo note ctic s(66). It w as notic ed
that the ther m al char a cteristics of a m ate rial m ay be alte r ed when
su spendedin a m eltofthe c ar rier.
Tbe IR spe ctr a of pure O F X, u r e a, m a n nitol, a nd the s olid
dispersion of O F X- u r e a nd O F X- m an nitol a r e sho wnin Figure 3･ In
the carbo nyl frequ ency regi o n, O F Xsho w ed a str ongba nd at1713 and
162 c m-1 which wa s attributedto c a rbdxylic C= O str etching a nd cyclic
c arbo nyl C= O stretching r espe ctiv ely･ The solid disper sio n s of OF X-
m a n nitol als osho w ed these r egl O n S Of carbo nyl frequ ency belo ngl ngtO
O F X･ On the other hand, the s olid disper sio n of O F X- urea sho w edthe
bro ad spe ctra at1676 and1625 cm
- 1 which w ere the s upe rimpo sedpeaks
betw e e nOF Xandurea.
The above m e ntioned r e s nlts suggested that there w a5 n O
physicochemical intera ctionbetw e en OF Xandthe tw o c a r rier su s ed.
Solubility a nd dissolutio nprofiles
The solubility of O F X in w ater at37
o
C w a sfou nd to be 2.52
mg/ml･ T he effe ctofthe addito n of ur e a, and血 an nitolon the solubility
of OF X w a sstudied･ T he s olubility profiles of O F X in the variou s
aque ous concentration s of urea, and m an nitol a re show nin Figur e4･
Ma n nitol didnotsigni丘c antly In c re ase the s olubility ofO F Xwhereasthe
addition ofu r e aprovidedtheincrea sein O F Xs olubility･ It w as
40
∈]
0
1誘
.EB
己
∽
∈]
cd
F]
1 8 0 0 1 6 5 0 150 0
W avenu mber (cm
‾
1)
(a)
(b)
(c)
(d)
(e)
Figu re 3 IRspe ctr aof(a)pu r eOF X,(b)O F X- u r ea(1.･4)s olid
dispeTSio n,(c)pu re urea,(d)O F X- m amitol(1:4)solid
disper sio n,(e)pu r em an nitol.
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suggested that ure a might form ed the co mplex with O F Xa nd
c o nsequ ently e血a nc edthe OF Xs olubility(213-214).
Dissol 血on of O F 米alone and O F 米solid dispersions co ntain l ng
ure a, a nd m an nitol inthe 1:4 ratio of drugto ca r rier we r ein vestigated･
The dissolution pr ofiles ar e sho wn in Figu r e5･ Both of the s olid
dispersio n spro vided an inc r e ase in the diss olutio n rate of O F X. T he
e 血 nc em ent of OF X dis s ol血 on fr om solid dispersion s depended o n
thetype ofc arrier mole c ule s･ T he dissolution r ate of O F X fr om O F X-
urea s olid disper sion wa s slgnific antly higher than that fr om O F X-
m an nitolsolid dispersion a nd O F Xalone･ T his result mightbe 血 e to
s o me ofthe s am efa ctors re spon siblefo rs olubility e血 a n c e m e ntdisc uss ed
e arlier and be c a u s eofthe w etting e飴 ct ofthe highly w ater soluble urea
inintim ate c o nta ct with O F X. More over, it wa sindicatedthat the solid
dispersio n of O FX - ur ea at this ratio couldalter the s olid state of drug,
thus that the dis s olution e nha n c em ent w a s obs er v ed. This alteratio n of
s olidstate of O F Xwas c onfirm ed by the de crea s ein OF X
･
di 放a ction
peak inten sityln PX R D
､
pattern s･ Ithasbeen suggestedthat the higher
dissolution r ate softhe disper s eddr ugs fr o mthe solid dispersion s w ere a
r e s ultofthe de cre a s ein crystallinity･
As the result ofthe higher cystallin ty of O F X in OF X- m an nitor
soliddisper sio n, the diss olution of O F Xfr o m OFX- m a nitol solid
dispersion wa s low er when co mpar ed to O F X- urea s olid dispersio n･
From the s olubility profile in Figu r e 4, a n increase in m an nitoI
c onc entr atio n couldn ot enha nc e the s olubility of O F X. T his r esult
地ther s uggested that the higher diss olutio n of O F X⊥m an nitol solid
dispersio nthan O F Xalone w asdu eto the w etting effe ct caused by high
water solhbility of minnitol
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Fro m these results
, lt W as dem o nstr atedthat the s olid disper sio n of
O F X, a poo rly w ater soluble dr ug, with two co m m on wate r soluble
carrier s, ur e a and m a n nitol, c o uldenhanc edr ug dis s olution rate･ T he
di 飴re nc ein diss olutio nr e s ults could be explained bythe char acteriz atio n
ofs olid disper sio nsbyP X R Dandther mala nalysIS･ It w as c on cludedthat
the dissolutio n of O F Xco uld be impr o v ed by the for mation of a s olid
dispersion･ T here w ould be som e co mplexform ationin aqu e o u s solutio n
of O FX a ndu re a･ T hu sthegr eate st enl1a n C em e ntin OF Xdiss olutio n w as
acbieved 丘o m the O F X- ure a s oliddisper sion･
1･
･
2 Ur s odeoxycholic acid solid disper sio n s
Urs odeoxycholic a cid (U D CA), a white odo rle s crystal
chara cte rized by the ortborho mbic spac egro up with eight m ole c ule sin
the unit c ell(215), ha sbe e n used fo r the dissolution of rふdiolu c ent
gallstone s which w erefo rm edpr edo minantlyfr o mchole ste r ol(216-2 1 7),
and ca n als obe u s eful in the tre atm ent ofdyspepsl aSympto msin patients
with chro nic a ctive hepatitis(218) and espe cially of chole sterol liver
dise as e(219)･ Be cau s eit is pra ctic ally in soluble in w ater (220), its
bio av ailabilityispoo r a nd err atic(221). Impro ve m e nt ofthe dis s olutio n
ofU D C Afrom its o ralsolid do sageform sho uldbe a nimportantissu eto
enha nc ethebio a v ailability･
T he presentw o rk hasbeen undertakento develop a s olid dispersion
of U DC A in w atersoh bleinert c arriers
, polyethylene glyco1 6000, u r ea, .
and m a n nitol in ordertOimproveitsdis s ol 血onbehavior.
45
Crystallin epr ope rty and the r m al beha vio r of UD CA solid
disper sio ns
T he P Xm patter n s ofU D C A-P E G 6000, U D C A- ure a a nd U DC A-
m a nitol s olid dispersio ns ar e sho wn in Figu r e s6-8, r espe ctively, in
drug- c arrier r atios of 1:1, 1:4, a nd 1:19･ In diffra ctogra m s; all
di 肋action pe aks w ere du eto c a r rier crystals a nd n od 血 a ctio npe ak of
U D C A in the s oliddispersions w as obs erv ed. T his indic ated that the
a morphou sstate of U D C Awas fo rm ed in the s oliddispersio n sbelo w
50 % U D C Ac o n c entratio n･ As a higherdr ug c o ntentis s uitable for a
pr acticalu s e, the solid disper sion s of 1:1 r atio w e r e cho s en for further
studies.
T he D S Ctherm ogr am s ofU D C As olid dispersions (1:1 w eight
ratio) with v ario u s carrier s a r e show n in Figu r e9. On the D SC
therm ogr a m s of pure U D C A, P E G6000, .u r e a, and m a n nitol, the
m elting polnt appe a r ed at 205･0, 63･5, 136･9, and 168･7
o
C,
r e spe ctiv ely･ T he D S Cther m ogr a m s of U D C A-P E G 60 00 and U D C A-
u r e as olid dispersio n sho w ed e ndothermic peaks at 56･1 and 132.4
o
C,
r e spe ctively, pr e s u m ably du e to the m elting of P E G6000and ure a
crystals which we r ebigbly dis o rdered by the incorpo r ation of U D C A
m ole cules･ T he sm all br o adpe aks w ere found at191.6 and150.7
o
C for
U DC A-P E G 6000 a nd U D C A- urea solid dispersion, respectively･ A fter
the m elting of c ar rie r, it might be pos sible that the residu al sm all
crystallites of U D C A, which w e r eto o s m allto be dete cted by P X R D,
meltedinto the m edia at thistemper ature･ T he ther m ogram of U D C A-
m a nitols olid dispe rsio n, ho wever, sho wed no U D C Aendother mic peak
butdidexhibit the peakfor m a n nitol at167.5
o
C. T his r e sultindic ated
that there should be n ocrystalof U D CA inthe U D CA - m an nitols olid
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Figu r e6 P X R Dpatte r n s of(a)U D CAIP E G6000(1:1)s olid
dispe rsio n,(b)U DC A-P EG 6000(1:4)s olidispe rsion,
(c)U D C A-P E G600 0(1‥1 9).s oliddispersion,(d)pur eP E G
6000
,
and(e)pure U DC A.
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Figu r e7 P X R Dpattern sof(a)U DC A- u re a(1:1)s olid dispersion,
(b)U D C A- u r ea(1:4)solid dispe rsion,(c)U DC んu re a(1:･19)
s olid dispe rsio n,(d)pu re u rea, a nd(e)pu r eU D C A.
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Figu r e8 P X R Dpatte r n sof(a)U DC A- m a n nitol(1-:1)s olid
dispersio n,(b) UD C A- m anhitol(1:4)s olid dispersion ,
(c)U D C A- m annitol(1:19)s olidisper sion ,(d)pu re
m a n nitol, and(e)pure U D C A.
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Figu r e9 DS Cthe r m ogr a m s of(a)pure U D C A,(b)U D C A- m a n nitol
(1:1)s olidispe rsio n,(c)pur em an nitol,(d)U DCA- ur e a
(1:1)s olid dispe rsio n,(e)pure u re a,(f)U DC A-P E G 6 000
(1:1)solid disper sio n, a nd(g)pu re P E G600 0.
5 0
dispersion ･ In m a nitol syste m, the res ult w a sin agr e em e nt with the
P XR D result that U D C Ac o uldbe dispe rsed ho mogene o usly in an
a morphous state･ T he D S Cresults indic ated that the present of PE G
60 0, ure a, a nd m an nitolw o uldaffect the crystallin e state of U D C Aa nd
mighta飴 ct thediss ohtion of U D C A in the s olid dispersio ns･
Tbe I R spe ctra in 1500-1800cm
- 1 regl O n Of U D C Asolid
dispersions are sho w nin Figu r elot T he pure U D C Ashow ed the
carbo nylstretching absorptionba nd at1708cm
-1
･ T he solid dispersion s
of UD C A- m annitol sho w ed c a rbo nyl ste rtcbing abs o rptio n bands of
U DC Aatabotlt1708, suggestingthat the r e w e r en o che mic alchanges o r
pbysic o cbemic al inte ractio ns in U D C Asolid dispersio n swith m a n nitol･
In the c a s e of U D CA - ure a s olid dispersion, the bro ad ba nds were
obs e r v ed atabo ut1683 a nd15 98cm -1. The s eba nds w e r e c on sideredto
be the s upe rimpo s ed pe aks betw ee n the c arbo nyl str etching band of
U D C Aand u r e a･ In the UDC A-P E G 6000system , the c a rbo nyl
stretching band w a s obse rved at 1718 c m
-1
, which is 10 c m
- 1 highe r
w a v enu mber than that ofthe U D C Acrystals･ T his m ay indic ated that
hydr ogen bo nds w e r efo rm ed betw e en the c a rbonyl oxygen ato ms of
U D CA andP E G 6000.
Solubility a nd dis s o)utio nprofiles
T be solubility of U D CA in 1:1 etba n oトw ate r mixtu r e at37
o
C w as
foundto be 18.6 mg/ml. The effect ofc a r rier c on c entr ation on U D C A
solubility was studied a ndthe solubility profiles are shown in Figure l l･
Aslightinc r ea seinthe solubility ofUD CA was found with anin crea s eof
urea
, a nd P E G 6000c onc entratio n s･
,
In the ca se of m annitol, the additon
ofm a n nitol didnotaffe ctthe solubilityof U D C Aunderthete st co nditon.
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Figur e1 0 IR spe ctr a of(a)pure U D C A,(b)U D CA - urea(1:1)solid
dispersio n,(c)pure urea,(d)U D CA- m a n nitol(1:1)s olid
dispe rsion,(e)pu re m a n nitol,(f)U D C A-P E G 600 (1:1)
s oliddisper sion, a nd(g)pure 叩 G 6000.
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Figure l l Solubilityprofiles of U D C A in water- etha n ol(1:1)mijh re
witb additio n ofure a(□), man nitol(◇), andP E G
60 00(△).
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Diss olutionte sts w e r eperfor m ed fo rUD CA alone and U D C As olid
dispe r sio n sc ontain ing P E G 6000, u r ea, and m an nitol in the 1:1 w eight
ratio of dr ug to car rier a nd the diss olutio n pr ofile s a re show n in
Figu re 12･ The s olid dispe rsio n sdem o n strated a slgni丘c antincre ase in
thedis solutio nrate of U D C A dependingo nthetype ofc arrier mole c ule s.
The U D C A diss olutio n r ate fro m U D C A- ure a s olid dispersio n w as the
bigbest c ompa r ed to that fro m U D C A-P E G 6000and U D C A- m a n nitoI
s olid disper sions･ T his r e s ult might be du e to the impr ove m ent of
wetting, andthe high s olubilty of U D C A in the mixed s olvent of w ate r
and ethanol containlng u r ea･ In the c as
,
e of UDC A- m a n nitol s olid
dispersion, eve nthe P X R Dshow ed n o c rystalline peaks of U D C A, the
diss olution of U D C A fr om U D C A- m a nnitolsolid dispersion u nde rthis
te st co ndito n w as the lo w e st c ompared to U D C A- ure a a nd U D C A-P E G
6000s olid disper sio n s･ T his is pr obably du eto the lo w s olubility of
m a n nitol in ethanol,lo w solubility of U D CA obser v edin the u s ed s olv e nt
andthelow w ettabilty. Ho w eve r, the dis s olution of U D CAfr om UDC A-
m a n nitol s olid disper sio n w a s m u ch bigber whe n c ompared to the
dissolutio n of UD CA fr o mU D C Aalone･ Ithas been s uggested that the
higher diss olutio nrate ofthe dispersed dr ug from the s olid dispersion
wa sa resultof dr ug m ole c ula rdisper sio nfo rm ation(3 1,83).
T his studyha sdem o n str atedthe amorphousfo rm atio n ofUDC A in
solid dispersions withthre einertca riers, P E G 6000, u r e a, and m an nitol.
The e xplanation fo r e血 anc em ent in drug diss olutio n r ate lies in the
spe ci丘c characte risticsofcar rier used.
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PartII Solid D isper sion sUsing Po r ous M ate rials as Car rier s
2.1 T he r m albehavio r of m ethylp-hydr o xybe nz oate in
c o ntr olled po r eglass s o王id disper sio n
The ads orption ofo rganic m ole cules o npo r o u sglass has r e c eived
c on siderable attentio n fo r m any year s･ T he ads o rptiv e pr operties of
micr opo r o us s olids hav ebe en inve stigated widely be c a u s e of their
applicatio ns, i･e･, in c atalysュs, S甲 aratio n, and micr o ele ctr onics. In
pa rtic ula r, m ate rials ve ry often ap plied as ads o rbe nts, s uppo rts, c atalysts,
o r colu m npa ckingsfo r chrom atogr aphy are c o ntr olled-po re glas s(CP G)
(166)･, C P G is u s u ally obtain ed by appropriate therm altr e atm e nt a ndthe
le a ching of Vycor-type glass (Li20, Na20, o r K20-B203-Si O2)･
加 rlngthe r m altreatm ent, phase sepa r ationtakespla c ein V ic or gla s s･ In
the c ontinuo u ssilic a stru cture, the c ontin u o u s alkalimetal bor ate phaseis
for med･ T he latte r can be r e m o v ed fr om the tberm ally tr e ated Vyc o r
glas sby m eans of a lea ching pr ocess･ As a co n s equ e n c e of this
proc e血re, por o u s m aterials(C P G)are obtained. T he pore diam eter in
the C P G depends onthe co mposition ofthe initialglas s, the duration a nd
temperature of therm altr e atm ent, and the le a ching pro c edu r e of the
vyco rglass･ T he porous netw o rks of C P Ga re co mpo sed m ainly of SiO2
(222).
C P Gis utilized in exclusio nchrom atogr aphy and as a supportfo r
en zyme s･ T he adso rptio n of biologic al m ate rials o ngla ss surfa c esis a
w ellkn o w nphenom en o n, e･g･, the blo od clotting reaction, m acropbage
adhesio n, an a ntigen- c o ated colum n, and lo w adhesion of transfo r med
cells･ Applicatio n s ofpo rousglas s a s ac arrierforim m obilizing e nzym e s
5 6
w erein v e stigated byS ho rtm a n et al ･ (223) and the fo r c e sinvolving in
the re a ction sbetw e en pr otein s andgla s s urfa ce s w ere s uggested to be
ionic a血ine - sila n ol bo nding and hydr ogen bo nding･ Surfac e s alinol
groups o nC P Gs andpo r edistributio nhav er eceiv ed ke eninte r e stbe c a u s e
oftheir impo rtant role sin interfac einter actio nin chr om atograpby and
substr ate ads 叩 tion in c atalysis pr o c esses･ It has be en repo rted that
c apillary condens ed w ate rinpor o u sglass e血bited con side r able 丘e ezing
andstr ongbyste r esis(171).
In drug- C P Gsyste m s, a n om alo us prope rties of dr ug m olec ules
w ere obse r v ed･ It w as r eported o nthe adso rption of drug mole c ules o n
the pore su rfa c e of C P Gs (147), the impr o v em ent of be nzoic a cid
diss olution,the r etardatio n ofs ublim atio n(17 2), andthe acc ele r ated solid
state additio n re a ction betw e e n su c cinic a nhydride a nd p- nitr o a niline in
the CPG mixtu r es (173)･ T he chemic al s･tability of aspirin in s olid
dispersions with C P Gs wa s als oinvestigated(174)A The dr ug crystals
mixed with C P Gsho w ed a broad a nd sm alle ndotbermic pe ak of m elting
in DS Ctherm ogr am s･ At a lo w er mixl ng ratio of dr ugs, the D S C
endothe rmic peak due to the fusio ndis ap pear ed and the P X RD patterns
sho wed n o crystallin ediffra ctio npeaks(175). Fro m thes eres ults, the
Properties ofadsorbed drugsin the C PGpor e sm aydifferfr om those of
the c orre spondingbulk state･ Itis ofprlm a ryI mpo rtanc etO Clarify the
an o m alo u sproperties ofadso rbed dr ugsin C P Gpo r es･
In the pre s e nt
･
study, the physI COthemicalproperties of m ethylp-
hydroxyben zoate(M P H B)in a mixtu r e with C P Gw ere in vestigated by
D SC, P X R Dm e as urem ent, and I Rspe ctro scqpy･ C P G 120with a pore
O
dia m eter of 120 Aw a sm ainly usedto elu cidate the distribution m ode of
M P HB m olecules durlng heating ln C OmParis o n with CP Gs of differ ent
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po re diam eters･ T he pre s entstudy w a s als o undertake nto elu cidate the
e触 ct of pretr eatm ent, grinding, a nd sto rage at 40
o
C o n the D S C
ther m ogram s･ Further mo r e, the pressu r edependency ofthe D S Cpe ak
po sition in M P H B-C P G 120system s wasinv e stigated by press ure D S C
me as ure m ent.
T her mal behavio r ofthe M P H B･ C P Gmixtu r e s
Figur e 13 show sD S Ctber m ogr a m s of a mixtu r e of C P G120
(60 %) and M P H B(40%)I In the first DS Cru n, the D S Cthe rm ogra m
sho w edtwo endothermicpeaks, abr o ad e ndothemicpe akat114
o
C, a nd a
sha rp pe ak c o r r e spondingto the fusio n of MP H Bcrystals at131
｡
C. In
the s e c ond DS Cru n, the br oad e ndother mic pe ak bega nto appe a r at80
o
C, which w a s20
o
C lo w e rthan in the firstr u n, andthebro adpeak split
into tw opeaks(pe aktempe r atures 88
o
C and 98
o
C)I. As n o e ndotbermic
peak of fusion wa s obse rvedin the s e c o nd D S Crun, there could be no
M PI 岱crystals in this s a mple. No slgnific antdiffer enc e w a sobs e rved
a m o ngthe se co nd, third, a nd fo urth D S Cr u n s.
Figure 14showsthe changes ofthe D S Cthe叩 Ogr am Ofthe M P H B
40 %physI C al mi方山r e afterpr ehe ating･ The sample s, onc eheatedto 100
o
C a nd110
o
C, stillsho w edthe bro ad endothermic peak(114
o
C)in the
se co ndru n
,
whilethe sharp endother micpe ak du eto the fusion of M PI 岱
be ca m e s m alle r withthe in crease ofthe pr ehe ating tempe rature･ W hen
the sa mple w a sheatedto 120
o
C, where the br o ad endothermic pe ak was
almost co mpleted, a ne w e ndother mic pe ak(105
o
C)w as observ ed in the
sec ond D S Crun ･ T he se co nd D S Cru nofthe s ample pr eheat占dto 130
o
C
w asthe s a me as the se c ond run ofthe physical mixtu r e, as show n in
Figur e13.
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sic al mixture of CP G 120and M Pf B岬fm 40%).
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Figu r e15 show sthe P XR Dpatte rn s of a physic al mij(tu r e Of 40 %
MP H Ba nd 60 % C P G120as afu n ction of he atlng te mPerature･ The
physical mixture sho w edsha rp P X R Dpeaks at 20 = 2 5･O
o
, 26･O
o
, a nd
27･2
o
,
du etothe M PH Bcrystals･ Asthe he atingtem peratu r ew as r ais ed,
the diffr a ction pe ak inte nsities of M P H Bcrystals de cr ea sed. W hen the
mixture w as heated to 120
o
C or m o r e, similar P X R Dpatterns w e r e
obser ved･ T hes e r e sultsindic ate thatn ostr u ctur al or tran sitio nal cha nges
in M P HB crystals w as o c c u r r l ng and o nly the am o rphiz atio n of M P H B
Waspr OgreSS lng･
In the F T-I Rspe ctr a ofthe physIC al mixture of 20 % MPI 岱a nd
80% CP G120(Figure 16), the c a rbonylstretching abs o rptio nband of
MP H Bw a s obser ved at 1675 cm - 1
, and the spe ctru m w a sin good
agre em ent withthat of M P H Bcrystals･ He ati ngtr e atm ent Causedthe IR
band to sh蝿 and a鮎 r be ating to 120
o
C, the.c arbo nyl str etching
abs o rptio nba nd sbi 鮎dto 1 703cm
-1
, the ba nd positio n that w a sals o
obs e r v ed in physIC ally adsorbed M P HB m olec ule s o n asilic a占u rfa c e
(224)･ T he am orphiz atio n ofM P = B during heating tr e atm ent might be
clos elyr elatedtothe ads orptio n of M PI 岱onto the C P Gpo r ewalls･
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Figu r e17 sho w sthe D S Cther m ogram s of M P H B- C PG 120
mixture s with variou s mixi ng ratio s of M P H B. In the cas e of a lO %
MP H BphysIC al mixtu r e, only a s m all broad e ndother mic peak w a s
observed ar o und 110
o
C, andthe endother mic pe ak du eto thefusio n of
M P H Bw as n ot obs er ved･ In the first D S Cr uns, as the m lX lng ratio of
MPH B in cr e as ed, a bro ad e ndotbe rmic pe ak be ca me cle ar at low er
tempe r atu re s･ In the mixtu r es of lo w c ontents of M PI 岱(<30%), as the
crystallin e char a cter of M P H Bw a s not obs e r v edin D S Cthe rm ogram s, all
the M P H Bm ole c ule s s e em stobein thepores of C P Gafterthe D S Cr u n s.
In the c a s eof mixl ngratios ofabo v e30%, ea chthe r m ogr a m sho w edtw o
e ndother mic pe aks :the br o ad pe ak and the pe ak du eto the fusion of
M I)H Bc rystals. In the s e co ndru ns ofthe mixtures with low contents of
MPH B(<40 %), the e ndother mic pe aks cle arly shifted to low er
temperatur e s･ On the otherhand,in the s ampleswith mixl ngr atio s abo ve
40 %, the broad pe ak which w as obs e r v ed in the first D S Crun s wa s
shiftedtolow erte mpe r atu r e sto so m e exte nt a nd w a s splitinto tw ope aks,
while the pe ak du eto the fusion of M PⅠ岱sho w ed n ochanges･ A fte rthe
first D S Crun s, the de creas ing Of the pe ak are a at 120
o
C a nd the
inten sitie s ofthe d 血a ctionpe aks ofcrystalline M P = Bw ere obs er ved by
D S Ca ndP X R Dm ea surem e nt･ T he ads o rptio n ofthe M P H B in the C P G
w a s obser vedbyIRspe ctroscop yas well･ Fro m
,the s eresults, a pa rt.of
the M P H B in the mixtu r e c o uldpenetr ateinto the CP Gpore du rlng the
firstD S Cruns.
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Effect of heat tre atm ent on m olec ular behavio r of drug in
s oliddispe r sion with CP G
Figure 18sho ws the effe cts ofgrinding on D S Ctherm ogr a m sof
the mixture of 40% M P H Ba nd6 0 % C P G120. T he are a ofendother mic
peak at 120
o
C 血e to the fusion of M P H Bcrystals de c r ea sed with the
incre a s ein grinding tim e･ T he e ndotber mic pe ak at the low er
temperature was sharpened by l nC r e a S l ng the grinding tim e･ A fter the
grinding of 60s, no diffra ctio n pe aks du e to M P = Bcrystals w e r e
observ ed in P X R Dpattern s and the su c c essiv e adso rptio n ofthe M P H B
into the C P Gw a s obser ved byI Rspe ctr o s c opy･ The s e r e s ults indicate
that M PI 岱m ole c ule sin the mixtu r e c o uld penetr ate into the C P G1 20
po re du rlngthe grindingproc e s s･
Levy etal･(22 5)reportedthatapre s s u r eDS Cc a nbe u s edto study
vapo r-liquid equilibriu m, in their in vestigation
.
of the dehydr atio n
beha vior ofthein orga nic bydr ates･ In this w o rk, the pr es su r eDS Cw as
employedto studythe e ndothermic r e a ctio n at thelo w er te mpe r aturesin
thefirst D S Cru n ･ The effe ctof nitrogen ga spress u r e on D S Ccurve s of
the mixtu r eof 40 % M P H Ba nd60% C P G120 w a sin v estigated(Figu r e
19 A)･ AtO･1 M Pa(abo ut1 atm), two endother mic pe aks w ere obs e r v ed.
As the applied pres sure increased, the endothermic pe ak at lo w er
tempe r atures be c am e sha rpen ed a nd tended to shift to higher
temperatures, whilethe endotbermic peakatbigber temper atu r es w as not
slgni丘ca ntly a触 cted by applied pr e s s ure･ A pres sure -temper ature
diagra m w ascon str ucted fr o mpressure D S Cther mogra ms, as sho w nin
Figu re 19 BI Br ow n et all (226)r eportedthat the phas etr ansition fr om
solidphaseto ga sphase, s u ch asdehydratio n
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ofthe hydr ate s and sublim ation ofs om e co mplex, w as str ongly affe cted
bythe pres sure･ Asthelo wtempe ratu r e e ndothermic pe ak w a s r elativ ely
a飴 cted by the pres sure in the first D S Cr u n s, it se em s r e as on able to
asu m ethat the endothe rmic peak at thelow ertemperatu r e wasdu eto the
sublim atio n of M P H Band the adso rptl O n Of M P = B into CP Gpor e s･
Afterthe fir stD S Cr uns, the C P Gpores mightbefilled up with ads o rbed
M P H Bm ole c ule s･ In the se co nd D SC ru n, the broad endother mic pe ak
mightbe r elatedto the phas etr a n sition of adso rbed M P H Bin the C P G
pO re S･
Effe cts ofthe po re dia m ete r of C PG o nD S Ctbe r m ogr am s
Figur e 20sho ws the DS Cther m ogr am s of the mi幻 u r eof 30 %
be n z oic acid a nd 70 % C P Gsin whichpo re diam eter s w ere varied fro m
O
75 to 1000A ･ T he br o ad e ndother mic pe ak shifted to higher
temperatu r es withthein c r e ase ofthe C P Gpo r edia mete rin the s e c ond
run s･ In the m血 ures of C P Gs having m e s opore size(20-5 00A ), the
prese n c eofthedisorderedstate ofben z oic a cidwa s r e v e al dbythebr o ad
endotber mic pe aks atlo w e rte mpe r ature(147). T he DS Ctr a c eof C P G
1000mixture w as similarto thatofthebe nzoic a cidI-glass be ads mixture.
Inthe mijdu r e ofthe C P G1000, the br o ad e ndother mic peak of be n z oic
a cidw a sn olo ngerdete ctable･
Ham sha w(227)repo rtedthat the m eltingtempe r ature oftheic ein
thepores ofsilic agel w a sdependent upo nthe pore size ofthe silic agel.
The r elation ship betw e en the m elting temperature and the pore size of
CPGs ca nbe expres sed a s(228)
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where Tobs is the observed m elting te mpe r atu r e, y S,1is the s urfa c e
tension ofthe s olid-liquid interfa c e ofthe compo und, V m is the m olar
volu m e, 0isthe co nta ct anglebetw e en the fused co mpo und andthe C P G,
Toisthe m eltingtemperature, △Hm isthe m ola r enthalpyof fusio na nd R
isthepo re r adiu softhe C P G.
Ifthede c r e asein the m eltingte mpe r atu r eis 血 eto o nlytothe po re
size ofthe C P G, as suggestedbythe abo v e equ atio n, alinear relationship
sho uld be obtain ed by plotting the m elting tempe r atu r e ve rsus the
re clpr O Cal of the pore radiu s with an interc ept equal to the o rlg nal
●
m elting temperattlre Of the c rystallin e drug･ Figu r e21 sho w sthe
r elationship betw e en the endotber mic pe ak te mpe r atu r e sin the s e c ond
DS Cru n s a ndthe po re radiu sin 70 % C P G, 3
-
0 % ben zoic a cidm 汝tu r e s.
The plots of でobs again st l侭 show ed go od line arity and the interc ept
valu e w a s alm o st equ alto the m elting te mpe rature ofthe･pu r ebe n z oic
acidcrystals(To = 3 95･6 K)･ It w as suggestedthat the endother mic pe ak
atlow er te mperatures w as du eto the m elting ofthe ben zoic acid in the
CPG capillary.
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2･2 PhysIC O Che mic alpr opertie s ofu r s odeo xycholie acid
●
in solid disper sio n with contr olled po re gla s s
In the previo us studie s, the therm al beha viour of methyl p-
hydroxyben zo atein C P Gs olid dispe rsio nhasbe enin v e stigated a nd it w a s
fo und that the inter actio n betw e en dr ugs a nd adsorbents a r e clos ely
relatedto the physICOChe mic alprope rties ofthe drugs･
In the pre s entstudy, the c rystallin e state of U D C Aa nd itstherm al
behaviorin the s olid disper sio n with CP Gwas evalu ated･ Pa rtic ula rly
emphasis has be en pla c ed on the a sse s m ent of the s olid- state
tr a n sfor matio nkin etics ofthe c rystalline UDC Ato the a m o rpho u s statein
theprese nt ofvario u skinds of C P G hav ing differentpo r e size s a ndpor e
volu m es.
E ffe ct of U D C Ac o n centr ation on its c rystalline properties
●
T he physI C al m 汝tn r e s a ndthe s olid disper sio n s of U D CA with C P G
1000 in v a rio u s w eight r atio s w e r eprepa r ed a nd their P X RD patter ns
w e r edete rmined･ T he diffr actio npatter n s ofthe physic al mi幻ur e sin
Figu re 2 2 Asho w edthe diffr a ctio npe aks du eto U D C Acrystals･ In the
physic al mixtures, with the de c r e ase of co nc e ntr atio n of U D CA, the
inten sities ofdiffr a ctio npe aksdu etothe crystals of U D C A de cre ased. In
the solid dispersion s, the inte n sities of diffra ctio npe aks 血 e to U D C A
crystals w ereles stha nthatinthepbysICal mixtur e swhen c ompared at the
sam e w eight r atio of dr ug to C P G･ T his clea rly sho wed that the
crystallinty of UD C Ac o uld be re血 c ed andthe state changed to 血 n -
crystalline or am o rphous in the s olid dispersion with C P G･ Espe cially,
Figu r e22 B(c)showedthe P X R Dpattern of U DtA- C P Gs olid dispersion
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Figure 2 2 P X R Dpatte rns ofphysic almixtu r e s(A)a ndsolid disper sion s
(B)of U D CA and C P Gs at the w eightratio of U D C Ato C P G
IOO Oof2:1(a), 1:1(b), a nd 1:2(c)
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whe r ethe con c entration of U D CA w a s33･3%, in which the X - r ay
di 放a ctio npeaks due to U D C Acrystals were not observ ed. Fr om thes e
re s ults,it wasfo u ndthat whe nthe c o n c e･ntr ation of U D C A de crea sed
,
the
a morphousfr actio nofU D C A inthe s olid dispersio n with C P Gincrea sed.
Co ns equ ently, 1t mightbe expe ctedthat at alow c o n c e ntration of U D C A,
allof U D C Ac rystals could be changedinto am o rpho u sstate･
E ffe ct of por e siz e a nd por e volu m e of C P Go n U D C A
c rystallin echa r a cteristic s
Tbe physic al mixtures a nd solid dispersio n sof1:1 ratio of U D C A
to C PG in the fo ur differ e nt pore sizes including C P G1000w e r e
prepared andthe P X R D forthe s ample s w ere carried o ut. T he r e s ults a r e
sho wnin Figure 23･ T he physic al mixtures ofe a ch C P Gsho w ed alm ost
the sa me patter n sin the inte n sities of di 放a ction peaks du eto U D CA
cystals･ In the s olid dispe r sio n s, o nlyln C P G1000which hasthelargest
po re size sho w ed the diffr a ction pe aks of UDC A crystals where as the･
other thre e solid dispersion s of C P G350, 120 a nd 75 show ed halo
patterns indicating the statu s of UDCA as am o rpho u sfor m･ Sinc e the
am o unt of U D C A lo aded w a s c on丘rm edin the s olid disper sion sby U V
deter mination,itc o uld be expe ctedthat U D C Am ole cules badtr an sfe rr ed
into the po re of C P Gand the a m o rpho us state of U D C Aw as fo rm ed
in side the pore durl ngthe e v apo r ation ofethan ol in the pr oce s sofsolid
dispersio n prepa r ation･ T he results als o indic ated that the U D CA
m ole c ulesprefe r e ntiallyintera cted withthe pore ofs mallersiz e, thus the
a m orpbiz ation tendedto be co nc entr atedin C P G havl ng a S m alle r
･
po re
diam eter･ T he pbysICal mixtu r e s a nd s olid dispersio ns of a 2:1 weight
ratio ofU DCA to C P G in thefo山 differentpore
･
sizes w ereprepa red･
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Figure 23 PX R Dpatte r n s ofphysic al mixtu r e s(A)ands olid
dispersio n s(B)of U D C Aa nd C P Gs, C P G1000(a), CPG
350(b), C P G12 0(c), a nd C P G75(d), at the w eightratio
of U D C Ato CP Gof 1:1
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The results ar e show nin Figure 2 4･ T he PX R Dpatte r ns ofthe physic al
mixtures w ere simila rto thatof 1:1 w eightr atio sho w nin Figure 23 A, in
wbicbthedi 放a ction peaks du eto UDC Acrystals w e r e observ ed. In the
s olid dispersion s with C P G 1 000, C P G 120, a nd C PG 75, the c rystalline
pe aks of U DC Aw e r eobse rved,indic ati ngthat there w a s so me portio n of
U D C A in c rystallin e state･ In the P X R Dpatter n s of U D C Asolid
dispersio n with C P G350, n o crystallin epeak of U D C Awas obs e rved.
The re s ultindicatedthat o nly am orpho u s state of U D C Aw a s existedin
this syste m･ Acc ordingto thegreate stpo r evolu m e of C P G 350as sho w n
in Table 2
,
this r es山t suggested that the po r eVOlum e als o took an
impo rta nt role of UDC A m ole c ular ads orptio ninto the po r e of C P G･
Incre a s ing the po r e volu m e c a u s ed anin c r e a s ein a m orphizatio n･ It w a s
obviousthat the am orpho u s state of U D CA wa s attain ed e asilyin the s olid
disper sio n with C P Gof highpore v olu m e ands m allpor esize･
T he rm al beha vio r of UDC A･ C P Gphys IC al miⅩtu re s
●
Figure 25showsthe D S Ctherm ogra m s ofthe physic al mixtures of
U D C Ain diffe r ent kinds of C P Gof vario u s mix lng r atio ･ Ea ch
therm ogr a msho wed o nly one sha rp e ndothermic pe ak at abo ut205
o
C
which w asdu eto the m elting of U D C Acrystals･ T he e nthalpyof U D C A
fusion in a:b m 汝1ng r atio mixtu r e w as calc ulated u sl ng the follo wl ng
equ ation
A珠al =(AIもbs)Ⅹ(a ＋b)/a
where A牡al andAIもbs a rethe enthalpy changes per unit w eight ofthe
U DC Aa ndthe mixture, r espe ctively･ Figu r e26sho wstherelation ship
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Figur e2 4 P X R Dpatte rn sofphysic al mixtures(A)a nds olid
dispersio n s(B)of U D C Aand C P Gs, C P G100 0(a), CP G 3
50(b), C P G120(c), a nd C P G75(d)at the w eightratio of
U D C Ato CP Gof 2:1
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Figu r e2 6 T he r elatio n shipbetw e e nthe crystallineportion of U D C A
inthe mixtu r es andthe co n centr atio n of U D C Ain physic al
mixtu r es ofU D C Aa nd C P Gs, C P G 1000(□), C P G350
(◇), C P G120(◎), and C P G75(A).
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betwe en the loaded am o unt of UDC A in the physical mi血 r e sand the
c alc ulatedcrystallinepo rtion ofU D C A in the sample s･ It w a sfo undthat
with the de crea se in c onc entr atio n of U D CA in the mixtu r e, the
crystallin e po rtion of U D C A de creas ed. Whe n the co nc entration ｡f
U DCA w as c on stant,itwa sshow n that the mixture withthe sm allerpo re
siz eCP Gc ontain ed less a m o unt of U D C Acrystals･ A fterthe beat
treatm e nt at210
o
C, the P XRD peaks of U D C Acrystalsin the 1:2 w eight
ratio mixtu r es alm ostdisappe ared･ T he s eres tltsindicatedthat the U D C A
mole c ules had tran sferred into the pore of C P G du ring the heating
pro c essof D S C･ T he redu ction ofthe crystallin epo rtio nin the s m aller
pore size indic ated the preferential str onger intera ction of U D C A
m ole c ule sto the s m alle r siz eof C P Gpo r e･
T her m al behavio r of U D CA - C P Gs olid disper sjons
Figu r e27 sho w sthe D S Ctberm ogra m softhe s oliddispersion s of
U D C A- C P G indiffere ntkinds of C PG ofv ario u s m lXngr atio･ T he
■
D S C
ther m ogr am s sho w ed the exother mic peaks a r o u nd 70-120
o
C. T he s e
exother mic peaks w ere ass u medto be du eto the re c rystalliz atio n ofs om e
portio nof U D C Awhich w as existed in an am orphou sfor min the s olid
dispe r sio n s.
In Filgure 27, the endother mic pe aks we r e obser vedLatabo ut205
o
C
wbicb w e r e血 eto the m elting of U D CA crystals as w ellasthe a no m alo u s
endothermic peaks ata te mpe r ature low er tha nthe m elting pol nt･ As
m e ntionedprevio u slythat the am o rphou s U D CA w as m ainly pr esented
in side thepo re a nd it wa s r e crystallized durlngthe D S C･ru
'
n around
100
o
C, thu sthe an o malo u sendother mic pe ak w asc on sider ed to be the
m elting ofc rystallized U D C A in sidethepo re･
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The D SCre s ultsin Figu r e27alsoindicatedthat when thepo r e size
ofCP Gw as keptc o nstant andthe w eig血tr atio of U D C Ato C P Gin the
s olid dispersion w as v aried,the AH v alues ofendother micpe ak which w as
due to the m elting of U D C Acrystals o utside the po re w ere gradually
re血 c ed a c cordingtothe increase of C P Gc ontentin the solid disper sion･
This res ult s uggestedthat at a bigb conc entratio n of U D C A in the s olid
dispersion, only a s m allpo rtio n of U D CA co uldgetinto the po r es of
C P G durl ngthe s olvent m ethod ofpr epa r ation ･ On the otherha nd, at a
lo w c on centration of U D C A inthe s olid dispersio n s, m ost of U D C Acotl d
penetrateintothepores of C P Ga nd only a part wasleft outside the po r e
d ming s olvente v apo r ation ･
Figu r e27sho wed the enthalpyChange ofthe a m o rpho u sU D C A
insidethelargerpo r e v olum e which w asbiggertha nthatfrom the sm aller
pore volu m e･ Nakagami(135) r epo rted that the am orphizatio n of
indom ethacin a nd gn seofulvin in s olid dispe rsion o c m r r ed a s surfa c e
ads orption on the s u rfa c e of no n-porous fu med silic o n･ As poro us
m aterialhasbe en us ed in thepre s entstudy, there sho uldbe two mole c ular
state s ofam o rpho us U D C A,in side the pores and o n the stlrfa c e of CPG.
The ratio ofthe am o u ntofa mo rpho u sUD CA existingI n sidethepo r e s a nd
o nthe su rfac eof C P G depe nds onthepore volum e･ T he r efo r e, the re s ults
fro mFigu re27indic atedthat thela rgerpore volu m eincre a s edthis r atio.
W he nthe w eight r atio w askept to be co n stant, it w a sfo n nd that
the ex otber mic pe aktempe r atu r e s observ ed in the s olid dispersion s ofthe
largerpore size w aslow ertha nthatofthe sm aller por e size a ssho wn in
Figu re2 8･ n ese resultsindicatedthatdurl ngthe he ating pro c
'
e s s of D S C,
the am orphou sU D C Aexisted in thelarge rpo r esize c ouldre crystallized
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Figure 2 8 The endothermic pe akposition s(open symbols)a nd
exothe rmicpe akpo sitio n s(closedsymbols)obs erved in
s olid dispe r sio n s withv ario u spore sizes C P Gs at the w eight
r atio of U D C Ato C P Gof2:1(□,強), 1:1(△,A)a nd 1:2
(○,○).
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mor e C On Ve niently than that in the sm aller po r e siz e･ W hen the
endotbermic peakpositions w e r e co mpared,it w asfou ndthat at the s a m e
w eight r atio, the endotber mic peak ofthe m elting of U D C A inside the
larger po re washigherthan that ofthe s mallerpor e a show nin Figure
28･ T he s ere sults w ere simila r relatio nship withtho s ea sthe previo u s
w ork uslng be n z oic acid a nd C P Gs that the s m allcrystals sho w ed lo w
m eltingpointsinthe solid dispersio n s･
To clarifythis phen o men o n,the v ariabletemper ature P X R D for the
solid dispersion of2:1 w eightr atio hasbe e n c a r ried o ut. T he v a riable
temper atu r eP X R Dpatter n s of U D C A-C P G 350solid disper sion a re
sho wn in Figu r e29･ T he solid disper sio nof U D C Ato CP G350sho w ed
the halo patte r n at theinitialtemperature of 50
o
C and it w as c on sidered
thatall U D C Awas existed in an a m o rphou s state･ Withthe be ating
rate of 5
o
C/min, it w a sfound that U D C Aam o rpho u s gr adu ally
r e crystallized･ Espe cially, fr o mthe te mpe r ature of13 0
o
C the ide ntic al
peaks of U D C Acrystalat the 2β of 9･4
o
, 15･6
o
,
and 24･6
o
w e r e
■
cle a rly
obs erv ed･ T hes e crystals of U D C Aw e r epersistedin the system untilthe
te mperature of abo ut200
o
C, the nbegan to m elt･ When the tempe r atu r e
w asincre asedto 210
o
Cthe crystals of U D C Ac o mpletely m elted･ T hes e
results of the v a riable te m peratu r e P X R Dclearly demo nstr ated the
re c rystallization ofthe a mo rpho u sU D C A in the solid dispersio n sand
we r e c o r re sponding to the D S Cr esults partic ularly in the open pan
System s.
T be e stim atio n fo r o cc upatio n of U D C Amolec ule sin C PG pore
wasc arried out･ As the tr u eden slty Of U D C Aw as repo rte
'
d as l･198
dml(221), the v olu m e ratio(R)of U D C Av olum e to C P Gpore volu m e
in s olid dispersion of a:b weight r atio of U D C Ato C P Gco uld be
calc ulated fro mthefollowing equation
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Figu r e2 9 Variabletempera rtu re P XR Dpatter ns ofsolid disper sio n s
ofUDC Aa nd C P G 350at the w eightr atio of U D C Ato
C PG of 2:1 at50
Q
C(a), 70
o
C(b), 90
o
C(c), 110
o
C(d),
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o
C(e), 15 0
o
C(i), 170
o
C(g), 190
o
C(h), and210
o
C(i).
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R = aのVb
where D is the den slty Of U D C Aand V isthe po re v olum e of 1g C P G･
The c alc ulated results a r e sho w nin Table 4. It was show nthat at 1:2
weight r atio ofdr ugto C P Gs andl･
･1 w eightratio of dr ug to C P G 3 50,
the pore v olume of C P G is abundantfo rthe a m ount of U D C A. It was
propo s edthat m o st of U D C Aco ulde nte rinto the po r e a ndpr ese nted as
am orpho us stateinthe po r edu r i ngthe s olv e nt e v apo r atio nproc ess･ T his
re s ults we r e co rre sponding to the P X RD results of solid dispe r sion s,
espe cially as sho wn in Figure 30which w ere bal° pattem sindic ating
a m orpho u s state of U D C A in the s olid dispe r sio n syste m s･ T he spe cific
su rfa c e area of either C P G75, 120, or 35 0 is m u ch higher tha nthat of
CP G 1000as sho wnin Table 2･ In Table 4,
'
the v olu m e r atio(R)ofthe
2:1 w eight ratio of drugto CPG 350, 1:1 w eight ratio ofdrug to C P G
120and C P G75 w e r el･81, 1･70, a nd l･78respe ctively sho w ed the
in adequa cy ofthe po r e v olu m e to UD CA in the syste m s･ Ho w畠ver, there
w as no crystalline cha ra cte ristic obse rvedin the s oliddispersion ofs u ch
ratios a s s e enin Figure 23 and Figure 24･ It w a stho ught thatbe sides the
por evolu me, a spe cific s u rfa c e a r e a w asAn other essential fa ctorthat to ok
animporta ntpa rto nthese a m o rphiz atio nphen o menal
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Table 4 T he calc ulated volu m eratio(R) of U DC Av olu m e
to C P Gpo r evolu m ein s olid disper sion
Weightratio of
drllgtO CPG
Volu m e r atio(良)
CP G
(a:b) 1000 350 120 75
2:1 2.3 2 1.81 3.41 3.55
1:1 1.16 0.91 1.70 1.78
1:2 0.5 8 0.45 0.85 0.89
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Figu r e3 0 P X R Dpatte r n s ofphysicalmixtur e s(A)a nds olid
dispersion s(ち)of U D C Aa nd CPGs, CP G1000(a), C P G
350(b), C P G12 0(c), and C P G75(d)atthe w eightr atio o
～
f
U D C Ato C P Gof 1:2
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2･3 Napr o xen s oliddispe r sio n s
Naproxen, a non-ste roidal a ntiinflam mato ry drug' is practically
in soluble in w ate r･ For pharm a c e utical applic atio n, impro vl ng the
dissolution pr opertie shasbe en e耳pe Cted･ In this study' s oliddispersion sof
napr o xen with C P Gorpo r o us crystallin e c elldlo s e(P C C) w er eprepared,
andthe pbysICO Che mic alpr operties of n aproxen and diss olution bebavioT
fr o皿 tbe s oliddispersio n w e r einv e stlgated･
Co ntrolled po re glas s
Co ntrolled po r eglass (C P G) 120 a nd C P G1000, wbicb w e r e
O
cha r a cterizedby m ea npo r ediam eters of128 and 1000A, sho w ed la rge
spe cific s u rfa c e areas of 141a nd 21･8 m2/g' r e spe ctiv ely･ Napr o x e n
c rystals w ere mixed with e a ch ofthes eCPGs at a w eightr atio of 1:9∴ In
the P X R Dpatte r n s ofthe physic al mijdu r e sPith C P G120(Figure 31 b),
di 放a ctio n pe aks du e to napr oxe n c rystals w ere obse rved in the bal°
patter n of a mo rpho us CP G120･ A fte r be at tre atm en卜 at 90
o
C, the
di 放a ction pe aks ofn aproxen crystals disappe ared(Figu r e31c)indic ating
am o rphization ofthe n apr o xen ･ In c ontrast, whe nthe physic al mixture of
n aproxe n a nd C P G 1000was heated, the di 放a ction pe aks ofthe napr oxe n
crystals stillrem ained･ T his indic ate sthat the po r e siz e, spe cific s u rfa c e
a r ea and pore structure of a c a r rier is a nimportant fa ctor fo r the
a morphiz ation ofn apr oxen crystalsbyheating withaporo us c ar rier･
In the IRspectru m of n apr o xe n ･crystals(Figure 32a), a ca rbonyl
stretching abs o rptio nba nd wa s observed ata wav enu mber of 1727c m
-1
.
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Figu r e3 1 P X R Dpatte rn s ofnapro x e n-C P Gsyste ms, (a)n apr oxen
crystals,(b)physicalm kture of lO %n apr oxen crystaland
9 0 % C P G1 20,(c)sampleb afterhe atingat90
o
C fo r3 h,
(d)physic al mixture of lb% n aproxen c rystals and 90% CP G
IOO O,(e)sa mple d afterheatingat90
o
C fo r3 h.
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Afte rheating, the c arbonylba nd w asshiftedto alo w e r w a v en u mber of
17 14cm -1, s ugge sting that hydrogen bo nd was for med in the ca rboxyl
gr oup of naproxen･ Itis believed that n apro xen wa s disper s ed in the
m ole c ularlevel du rl ngthehe ati ng Pr o c essWith C P G 120, a nd adsorbed on
●
the C P Gsurfac eto fo rm a hydr oge nbondbetw e en the c a rbo xylgroup of
n apr oxen andthe silanolgro uponthe C P Gs u rfa c e･ In the n apr oxen- C P G
1000system , there w as nO Slgni丘c ant differenc e obs e rved in the I R
spe ctr um betw e e nthe physic al mi幻ure a ndthe heated sa mple･ This w a s
c o n sitent withthe results ofpo wder X- raydiffr a ction.
Diss ohtion prope rties ofnapr oxe nin theJP firstfluid(pH1.2)w e r e
studied a c c ording to the JP paddle m ethod(Figu r e33). T he pbysIC al
mixtu r e with C P G120sho wed a simila rdiss olutio n c ur ve to that of inta ct
napro xen c rystals･ Itis n ote w o rthy that the dis s olution ofnapr oxe II Wa s
s lgni丘c antly lmprOVed in the heatedsa mple, e spe cially' in the initial stage
of dissolutio n･ In c o ntra st, only slight impr o v e m e nt of napr oxen
diss olution w a s obs e rved in the he ated s a Ⅲple with C P GIOO O･
Consequ ently, the impr o ved diss olutio n of n apr oxe nis resulted fr o mthe
m ole c ular disper sio nof n apr o x e n o nthe CP Gs u rfac e, a ndis affe cted by
thepore stru cture of C P G.
Por o u sprystallin■e cellulo s e
Po r ous crystallin e c ell山o s e(P C C) wa s also cha r a cte rized by a
por ous str uctu r e who sepr edominantpo re size w as r eportedto be about40
0
A･ Sin ce P C Cw as derived fr om microcrystallin e c ellulose, the application
of P C C for pha r ma c e uticals s e m stobe m ore probable･
A physical mixtu r e of n apr o xen a nd P C(1:9) w asprepared a nd
heattreatm ent w asCa ried out･ Assho wninFigure3 4,the P X R Dpeaks
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du eto n apr oxen c rystals we r e obvio u sly re血 ced in the 止 血 slty a鮎 r
beating Ⅵ 地 P C C･ In theIRspe ctrum ofthe heated s a mple(Figu r e35),
the c arbonylstr etchingba nd w a sobs e r v ed ata lo w e rw a venu mber of1704
cm
-1
, which isbelievedto be due to hydrogen bo ndingfo rm atio nbetw e en
the ca rboxylgroup ofn apr oxen andthe hydro xylgr o up ofc ellulose. Sinc e
the ba nd du etothe n apr oxen crystals wa sfo und at1 727 c m
-1 as a sho ulder
peak(Figu r e35 c), IRspectrosc opic data als oindicated the existenc e ｡f
n aproxen crystalsin the heated s a mple･ T he ability of P C Cin m ole c ula r
dispe rsion fo r mation can notbe asgr e at a sthat of C P G120･ Figu r e36
sho w sthe diss olution c ur v e sof n apr oxen fro m the miぬ r es with P C C.
D iss olution ofn aproxe n w as m a rkedlyimpro ved in the he ateds a mple･ Itis
notedthatthephysic almixtur e als oprovide so m edis s olutio n e nha n c e m ent.
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C O NC L U SIO N
This study was emphasized o nthe solidstate intera ction of o rganic
dr ugs with w ater s oluble s ubsta n c es o rporo us c a r rier.sin solid dispe r sion
system s･ T heir pbysic o cbemic al pr opertie s s u ch as c rystalline
cha ra cte ristics, the rm al behavio r, m ole c ularinte raction, a nd diss olution
beha vior ha ve be en e x amined･ In the first part of this s山dy, the
in vestigation hasbe e ndone o nthe s olid disper sio n s ofpo orly w ate rsoluble
dr ugs, onoxa cin(O F X)and ursode oxycholic a cid(U D CA) with v a rio us
w ate r soluble c a rier s･ T he r e s tlls obtained c an be s um m erized a s
follo w ed.
1･ The P X R Dme a s urem entreve aled that O F Xexistedin I. w
crystalline stateinthe solidisper sion with bothu r e a nd m a nnitoland w a s
a morpho u s state when the dr ugto ure a ratio w as as1lo w as 1:19 whereas
the diffractio npe aks of OFX in O F X- m an nitols olid disper sio n at the s am e
ratio w as obs e r v ed･ This r e s ult sugge sted that the physico che mic al
prope rtie s of w ater s oluble ca rrie rhav eplayed animpo rtantr ole in dr ug
am o rphiz atio nin solid disper sion syste m･ The P X RD inv estigation sho w ed
thatU DC Aco uld be disper s edin am o rpho us statein the solidisper sio n s･
2･ Inboth O F Xand U D C As olid dispersion s whenthe drug w as
in am o rphou s state, the PX R Dstillsho w ed the diffra ction pe aks of all
ca rrier s a m o ng the halopatte r n s of dr ugs･ This indic ated that the
am o rpho us O F Xo rU D CA w asfo r med a m ong
～the crystals ofcarrier u s ed
inthe s olid dispersio n s･
3･ T he differ ential s c an ning c alorim etric (D SC) study
de■mbn stratedthe m elting peak due to inert s ubstan c eatits melting polnt
wher ea sthe c rystalline O F Xor U D C Aexisting lnthe solid dispersions
●
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m elted at the tempera 加 e lo w er tha n its m elting po lnt･ T he D S C
therm ogr am sof bothdr ugs exhibited m onote ctic system s.
4･ For the m ole cula r interaction betw e en drug a nd c a rier
m ole c ules,infrared(IR)abso rptio n spe ctr o s c opyw a?used･ T heI Rspectr a
sugge stedthat the r ew asn ophysic o chemical inter actio nbetw e en O F Xa nd
the c a r rie rin the solidispe r sions･
5･ For U D CA- u r e aa nd U D C A- m a n nitolsoliddispersion s, the
IRspe ctra sho w edthat ther e w a s n o che mic al change o rpbysic o cbe血 c al
inte ractio ns in the s olid disper sio n s･ Whe r e as･in the UDC A-P EG 6000
solid disper sion,itw a sfo undthathydroge nbo nd w e r efo r m ed betw e en the
c arbonyloxygen atom s of U D C Aa ndPE G6 000.
6･ T he dissolution study de m o n stratedthat the rate of O F Xor
U D C A dis s olution fr om its s oliddisper sio n w as slgmi ficantly in crea s ed du e
to dr ug am orpbiz atio nin the s olid disper sion･ T his in c r e a s ed dis solutio n
als odepended upo nthephysI C O Che mic alpr ope rties ofca r rier mole c ules.
In the se condpa rt ofthe study, the mic r o str u cture of drug l n SOlid
dispersio n with po r o us additv e as a c a r rie r has be en in v e stigated･
Contr olledpo re glass(CP G)andpor o u s crystalline c ellulo se(P C C)ha ve
be en used a s modelpo rous c arrie r s･ The phys IC O Chemic alpr ope rties of
m etbyl p-hydr o xybenzoate (M P H B), U D C A, a nd napr oxen (N P X)in
por o us additv es ha ve be e n studied･ T he diss olution study was also
pe rfo r med. T he r e s ults can be c oncludedasfollow ed.
1･ In the D S Cther m ogra m s ofthe mixture of 4 0 % MアH Band
60% C P G 120, a n a no malo usbroad endothermicpe?k w a s
l
obs er ved at
10 8-1 12
o
C, and sha rp endother mic pe ak du eto the fusion of M P H Bw a s
obser ved･ In the se co nd D S Crun
,
the an o m alou speak began to appe a r at
80
o
C.
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2･ A fter the first DS Cru n andthe grinding' tbe de cr e a s lng Of
the peak ar e aat 120
o
C w as obser ved by D S C, the de crea sl ng Of the
crystallinity was obser ved by P X R Dm e as u r e m e nt, a nd the ads o rption of
the M P H B into the pore w a s observ edbyI Rspe ctr osc opy･ Thes eresults
indicatedthatapa rt ofthe M PfiB inthe mixtu r epenetrated into the pores
of C P G120 du ringthebe at tr e atm ent a ndgrindingpr o c e s s･
3･ T he endotbermic pe ak at108-112
o
Cin the first D S Cru n
bad a pre s s ure dependen cy･ It w a s als o suggested that the endotber mic
pe ak atlo we rtemperatures wa sdu eto the ads 叩 tio n ofthe dr ug Into the
C P Gpore s.
4･ T he D S Cstudyrevealedthatdrug mole c山e stendedpenetrate
into C P Gs with s mallerpore diam ete r s r ather tha nlarge pore dia m ete r s
●
duri ngthe heat tr e atm e nt.
5･ In the s e c ond D SC r u n ofthe mixture of70 % C P G120 a nd
30 % be n z oic a cid, the endothe rmic pe ak atlow e rtemperature w a s r elated
to the m eltingofthe dr uglnthe c apilary･
6 The P X R Dof U D C A-C P Gs oliddisper sio n system s ugge sted
that U D C Am ole c ules had transferred into the po re of C P Ga nd the
am orpbo ns state of U D C Awa s fo r m ed in side the pore durl ng the
e vapor atio n ofs olv ent･ At a lo w c o n c entration of U D C A, allof U D C A
crystals c o uld be changedinto a mo rpho us state･
7･ In P X R Dpatterns of U D CA -C P G 1000s olid disper sio n, the
di 飽a ctio npeaks of U D C Aw e r e obs erv ed wher e a sin UDC A-C P G 3 50,
120, a nd75 atthe s a m eratio of drugto ca rrier(1:1),the bal°patter ns
w ere obser ved indicating that the statu s of U D C Aas am o rpho u sfo rm ･
The s eresultsindicatedthatU D C Am ole c ules preferentially lnte ra Cted with
thepore ofsm alle r size.
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8･ T he P X R Dof U DC A-C P GpbysI C al mixtures sho v ed the
diffraction pe aks du eto U D C AcrystalsI A fter the heat tr eatm ent at
210
o
C, the P X RD peaks of U DC Acrystalsin the 1:2 w eightr atio mixtu r es
w ere alm o stdis appea red indicatingthat U D C Am ole c ules had tr a nsfe r red
into thepores of C P G 血rl ngthebe atingpr oc ess･
9･ T he D S Cstudy of U DC A- C P Gs olid dispersion s reve aled
that the am orphous UDCA in side the pore w a sre c rystallized duri ng the
D S Crun at100
o
C for a clo s edpan s a mple a nd at130
o
C fo r a n open pa n
sa mple which w a s confir m ed by the va riable tempe r ature P X R D. T he
degre eofre c rystallization of U D C A inside the por edepended o nthe pore
;iz eof C P G: the s m aller po r e size caused a de cr e a s ein r e c rystalliz atio n,
thusthelow er endothe rmic te mperature du eto U D C A in side the pore was
obser ved.
10･ T he P X RD study sho w edthat he at tre atm ent of a physic al
mij(ture Of N P Xwith CP G120o rP C Cpr o vided s olidisper sio nin which
the NP Xm ole c nle sto ok an a m o rpho u s state･ It w a sindic atedthat the por e
size
, specific surfac e area, a ndpo r e str u cture of C P Gtook an importa nt
r olefo rthe a m orphiz ation of N P X･
11･ T he IRspe ctra of N P Xs olid dispersio n with CP G 120
sugge stedthathydrogen bond w asfor m ed betw e en the c a rbo nylgro up of
N P Xand the sila n olgr o up on the C P Gsurfac e, where a sthe r e w as no
s lgni丘c ant differenc e obs erv ed in the I Rspe ctra of N P X-C P G100. In
N P X-P C Cs olid dispersio n, theIRspe ctra revealed the hydr ogen bonding
fo r m atio nbetw een the c arboxylgr o up of N P Xa ndthe hydr oj(ylgro up of
P C C.
12･ N P Xs olid disper sio n s with por o u s c ar riers exhibited the
slgni五c a ntimpr o vem ent of N P X dis s olution.
It w as c o n chldedthatin the s olid dispe rsio nsystem c ontaining either
w ater s oluble s ubstanc es or po r o u s m aterials as c arriers, the
physIC OChemical char acte ristics oforga nic drugs ha vebe e n changed･ T he
studyinto microstru ctu r eofsolid dispersion exhibitedsom e exte nt of dr ug
crystalredu ctioninto a n am orphou sfo rm andtheintera ctio nbetw e en drug
m ole c ule and a c a rie r su ch a sthe hydrogen bonding fo r matio n. StlCh
resultsleadtothe effe ctivenes s ofthe dr ugdiss olutio n e nha n c em ent.
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